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Abstract 


In  order  to  reduce  the  complexity  of  programs  many  ideas  and 
techniques  have  been  expounded.  However,  no  quantitative 
evidence  has  been  given  that  the  quality  of  the  programs  has 
indeed  been  improved.  We  believe  that  experimental  studies 
should  be  performed  to  measure  those  factors  which  make  programs 
complex.  An  initial  experiment  has  been  conducted  to  measure  the 
effects  of  three  such  factors,  comments,  paragraphing,  and 
m.nemonic  variable  names.  This  report  summarizes  the  results  of 


this  experiment. 
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Introduction 

In  tne  early  days  of  programming,  a  programmer’s  goal  was 
often  to  produce  the  most  efficient  program  possible.  Coding 
tricks  used  to  reduce  the  size  or  execution  time  of  a  program 
were  highly  regarded.  As  a  result,  many  complex  inscrutible 
programs  were  produced. 

As  large  systems  developed  and  programmer  turnover  on 
projects  increased,  this  situation  was  found  to  be 
unsatisfactory.  For  example,  if  a  change  had  to  be  made  in  a 
particular  program  and  the  original  programmer  was  no  -  longer 
available,  it  was  often  easier  to  rewrite  the  entire  program  than 
to  attempt  to  make  the  modification.  It  was  also  found  that 
complexity  of  large  systems  was  increased  when  a  programmer 
working  on  a  particular  piece  of  a  system  used  knowledge  about 
the  other  portions  of  the  system  in  order  to  simplify  his  task. 
This  often  led  to  the  inability  to  change  a  piece  of  the  system 
without  having  to  make  changes,  often  extensive,  to  other, 
seemingly  unrelated  pieces  of  the  system. 

It  was  realized  [haur  and  Fandell  1968,  Euxton  and  Randell 
1969]  that  complexity  of  programs  must  be  drastically  reduced  to 
aid  in  their  understanding  and  maintenance.  Maintenance  refers 
to  both  fixing  errors  and  changing  functions  of  programs. 

In  order  to  reduce  complexity,  many  ideas  and  techniques 
have  been  expounded.  These  include  documentation  standards  for 
programmers,  the  use  of  high  level  languages  for  system 
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implementation,  and  finally  the  idea  of  structured  programming 
[Dijkstra  1969],  Much  literature  has  appeared  under  the  banner 
of  structured  programming.  In  general,  however,  these  articles 
extol  the  benefits  of  structured  programming,  modularity,  clean 
interfaces,  etc.  without  giving  quantitative  evidence  that  the 
techniques  they  expound  have  in  fact  improved  the  quality  of  the 
programs  produced. 

We  believe  that  experimental  studies  should  be  performed  to 
measure  those  factors  which  make  programs  complex.  Such 
complexity  measures,  when  empirically  validated,  can  be  used  as 
an  aid  in  writing  programs  which  are  easy  to  understand  and 
maintain . 
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2.  Placement  of  declarations 

Declarations  of  variables  can  occur  at  various  places 
in  a  program  (e.g,,  at  the  beginning  of  their  scope,  just 
prior  to  their  use,  after  their  use,  etc.) .  Certain 
placements  may  make  programs  more  difficult  to  read  than 
others . 

3.  Paragraphing  cf  program  listing 

Program  listings  which  are  indented  to  reflect  the 
structure  of  the  program  should  be  easier  to  read  than  those 
which  are  not. 

4.  Choice  of  variable  names 

Mnemonic  variable  names  of  a  reasonable  length  should 
make  programs  more  understandable  than  short,  non-mnemonic 
variables . 

5.  Redeclaration  of  a  variable  name  in  an  inner  scope 

It  is  felt  that  the  practice  of  using  the  same  name  for 
two  distinct  variables  increases  the  complexity  of  a  program 
since  it  may  be  confusing  which  variable  is  actually  being 
referenced,  especially  if  the  declaration  is  poorly  placed. 
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6-  Use  o-f  "rfiagic  nunibars’ 

"Magic  numbers"  are  numbers  whose  meanings  are  not 
implied  by  their  value.  ?or  example,  DO  1=1  TO  437  is 
perhaps  less  meaningful  than  DO  1=1  TO  TABLS_SIZT  where 
TABLE_SIZE  has  previously  been  equated  to  437. 

Control  Blow 

1.  Complexity  of  control  flow  graph  of  the  program 

It  is  felt  that  various  properties  of  the  program's 
control  flow  graph  such  as  the  number  and  direction  of 
crossing  control  edges  may  affect  the  program's  complexity. 

2.  Choice  of  control  constructs 

Constructs  such  as  the  GOTO  are  felt  to  encourage 
inscrutible  programs  whereas  contracts  such  as  I? '  THEN,  DO 
WHILE,  and  C^SE  are  felt  to  lead  to  well-^written  programs. 

3.  Length  of  program  segments 

The  length  of  program  segments  (e.g,,  loops)  may  affect 
the  complexity  of  a  program  in  that  a  segment  which  is  long 
may  be  too  difficult  to  comprehend  whereas  one  which  is  too 
short  may  be  overlooked. 
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4.  Passing  procedures  and  labels  as  parameters 

Although  a  useful  technique,  particularly  in  some 
numerical  applications,  it  can  often  make  the  flow  of 
control  too  confusing  to  follow.  This  is  especially  felt  to 
be  true  in  the  case  of  labels. 

5.  Recursion 

The  use  of  recursive  procedures  can  often  simplify  the 
specification  of  an  algorithm  although  following  the  flow  of 
execution  through  various  levels  of  recursion  may  become 
more  difficult, 

6.  Levels  of  nesting 

Various  constructs  (e.g.,  blocks,  IF  TFIFN’s,  iterative 
constructs)  can  often  be  nested  to  arbitrary  depths.  If  the 
nesting  is  too  deep  however  the  program  may  become 
unintelligible. 

Data  Flow 


1 .  Scope  of  variables 

The  range  of  program  over  which  variables  have  scope 
(i.e.,  global  vs.  local)  may  affect  the  ability  to 
understand  and  modify  a  program.  In  general,  global 
variables  which  are  automatically  inherited  in  inner  scopes 
are  considered  to  be  harmful  [ Wulf  and  Shaw  1973]. 
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2.  Clustering  of  data  references 

Programs  in  which  each  variable  is  referenced  in  a 
relatively  small  locale  should  be  easier  to  understand  and 
modify  than  programs  in  which  variable  references  occur  ever 
a  larger  area. 

3.  Declaration  and  use  of  data  structures 

Defining  new  data  structures  for  a  particular 
application  may  help  to  make  a  program  more  understandable, 

4.  Locality  of  operations  performed  on  data  structures 

As  in  the  case  of  simple  variables,  programs  in  which 
data  structures  are  referenced  in  a  restricted  locale  should 
be  easier  to  understand  and  modify. 

5.  Use  of  pointers 


Program 

s  containing  pointers 

are 

felt  to 

be 

more 

complex  than 

those  without.  This  is 

espec 

ially  true 

if 

the 

pointers  are 

not  restricted  to  point 

to  a 

particular 

typ 

e  of 

variable  or  if  the  pointers  can  potentially  point  to 
variables  which  no  Icnger  exist. 

6.  Arithmetic  pointers 

Programs  which  contain  pointers  within  arithmetic 
expressions  are  felt  to  be  more  complex. 
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Interaction  betveen  Control  and  Data  Flow 


1  .  Flag  testing  {in  absence  of  EXIT  construct) 

Often  it  is  desired  to  terminate  processing  of  a  loop 
somewhere  in  the  middle.  This  can  be  accomplished  with  a 
GOTO  or  EXIT  construct.  If,  however,  we  are  not  allowing 
GOTO’s  and  our  language  does  not  contain  an  EXIT,  flags  must 
be  introduced  and  tested  to  avoid  executing  various  portions 
of  the  loop.  This  can  mahe  the  program  more  difficult  to 
understand . 

2.  Side  effects  affecting  control  flow 

Side  effects  (e.g.,  a  procedure  changing  the  value  of  a 
global  variable)  which  later  affect  the  control  flow  of  a 
program  can  he  difficult  to  comprehend. 

3.  Changing  the  iteration  variable 

Loops  in  which  the  iteration  variable  is  changed 
internally  are  often  difficult  to  understand.  This  practice 
is  frequently  used  to  cause  early  termination  of  a  loop. 

4.  Jlethod  of  parameter  passing 


The 

method  of 

parameter 

passing  (e.g. , 

by 

name,  by 

value,  bv 

reference , 

by  result. 

by  value  result) 

may 

affect 

the  ease 

with  which 

the  program 

can  be  understood 

• 
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Xh—  Experiment 

The  initial  experiment  conducted  was  designed  to  measure  the 
effects  of  three  of  the  factors  in  the  Program  rorm  Section.  The 
three  factors  chosen  were  comments,  paragraphing,  and  mnemonic 
variable  names.  It  was  decided  to  start  experimenting  with  a 
small  number  of  simple  factors  in  order  to  gain  insight  into  the 
experimental  techniques  needed. 

Two  levels  of  each  factor  were  used  in  the  experiment, 
prese nee  and  abse nee .  In  addition,  two  different  programs  were 
used.  This  gave  rise  to  a  2'^  factorial  design  (i.e.  ,  an 
experiment  with  sixteen  possible  treatments,  in  which  a  treatment 
consists  of  each  of  the  four  factors  at  one  of  its  two  possible 
levels)  . 

The  experiment  was  designed  to  measure  the  effects  of  the 
three  factors  on  a  subject's  ability  to  understand  a  program. 
Three  measures  of  understanding  were  used.  The  first  measure  was 
how  well  the  subject  hand-simulated  the  program.  The  second  was 
how  well  he  was  able  to  fill  in  the  blanks  in  a  paragraph 
describing  the  program.  The  third  was  the  subject’s  own 
evaluation  of  how  well  he  felt  he  understood  the  program. 

The  two  programs  used  in  the  experiment  were  the  Quickersort 
Algorithm  [Scowen  1965]  and  a  program  to  transform  arithmetic 
assignment  statements  into  postfix  notation.  Eoth  programs  were 
written  in  ALGOL-E.  Appendix  A  contains  listings  of  all  eight 
versions  of  both  programs.  The  programs  range  from  version  0 
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with  all  three  factors  absent,  to  version  7  with  all  three 
factors  present.  The  various  versions  were  all  constructel  fror. 
version  7  using  a  text  editor.  Paragraphing  was  removed  by 
deleting  all  tabs,  comments  were  removed  by  deleting  those  lines 
containing  comments,  and  mnemonic  variables  were  removed  by 
substituting  single  or  double  character  variables  for  the 
original  mnemonic  ones.  The  reader  is  invited  to  inspect  the 
programs  himself  and  form  his  own  conclusions  before  reading 
further . 

A  pilot  experiment  was  first  performed  with  only  sixteen 
subjects,  one  in  each  cell  (i.e. ,  one  subject  receiving  each  of 
the  possible  treatments) .  This  was  done  to  iron  out  the  "bugs" 
in  the  experimental  procedure.  The  main  experiment  was  then 
conducted  with  forty-eight  subjects,  three  per  cell.  The 
subjects  used  were  students  in  a  second  year  undergraduate 
programming  languages  course.  The  programs  were  randomly 
assigned  to  the  subjects. 

Each  subject  was  instructed  to  read  the  program  and  hand- 
simulate  as  much  of  its  execution  as  he  could  in  thirty  minutes, 
beeping  track  of  the  values  of  all  the  variables.  At  the  end  of 
this  time,  he  was  instructed  to  fill  in  the  blanks  in  a  paragraph 
describing  the  program.  He  was  then  asked  to  rank  on  a  scale  of 
zero  to  nine  how  well  he  felt  he  understood  the  program.  Finally 
he  was  given  a  questionnaire  asking  him  to  rank  on  a  scale  of 
zero  to  nine  the  helpfulness  of  various  factors.  The  three 
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factors  being  varied  were  included  as  well  as  several  irrelevant 


f  actors. 


Appendix  B  contains  the  instruction  sheets  given  to  the 
subjects.  Version  1  v/as  given  to  subjects  with  the  sort  program 
with  mnemonic  variables,  version  2  to  subjects  with  the  sort 
program  without  mnemonic  variables,  version  3  to  subjects  with 
the  postfix  program  with  mnemonic  variables  and  version  4  to 
subjects  with  the  postfix  program  without  mnemonic  variables. 
Appendix  C  contains  a  copy  of  the  questionnaire. 


^n,alysis 

A  statistical  technique  known  as  analysis  of  variance 
[Cochran  and  Cox  1950]  was  performed  on  the  data  from  the 
experiment.  This  was  done  to  determine  the  significance  of  the 
main  effects  and  the  interaction  effects  of  the  factors.  Two 
factors  A  and  B  are  said  to  have  no  interaction  if  the  difference 
between  the  observations  corresponding  to  any  two  levels  of  A  is 
the  same  for  all  levels  of  B.  If  this  is  not  the  case,  then  A 
and  B  are  said  to  interact. 

From  the  analysis  of  variance,  a  quantity  known  as  the  F- 
ratio  is  computed  for  each  effect.  This  is  then  used  to 
determine  the  significance  level.  An  effect  which  is  significant 
at  <5%  level  is  one  which  is  likely  to  occur  randomly  only  once 
in  twenty  times.  An  effect  which  is  significant  at  <1%  level  is 
one  which  is  likely  to  occur  randcmly  only  once  in  a  hundred 
times.  The  larger  the  F-ratio,  the  more  significant  the  effect. 

Before  perfcrming  the  analysis  of  variance,  however,  a  least 
squares  fit  was  performed  with  each  subject’s  final  grade  in  the 
course  and  his  difference  from  the  cell  mean  on  each  of  the 
measures  of  performance.  This  effect  was  then  subtracted  from 
his  performance  in  an  effort  to  reduce  the  within  cells  variation 
due  to  the  differing  abilities  of  the  subjects  as  measured  by 
their  grades.  The  results  of  the  analysis  of  variance 
subsequently  performed  are  summarized  in  Tables  1-5.  Table  6 
contains  the  raw  data  obtained  from  the  experiment. 
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For  each  of  the  three  measures  of  understan -^ing,  the  tables 
contain  the  means  for  all  of  the.  main  effects  and  the  significant 
two-factor  interaction  effects.  These  are  followed  by  the  F-test 
ratio  and  the  level  of  significance,  when  applicable.  In  the 
case  of  hand- simulation ,  three  sets  of  results  appear.  The  first 
set  {Table  1)  is  for  the  number  of  correct  values  hand-simulated, 
the  second  sat  (Table  2)  is  for  the  number  of  errors  made  in 
hand-simulation,  and  the  third  set  {Table  3)  is  for  the  total 
number  of  values  hand-simulated. 
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Discussion  of  Results 


Before  discussing  some  of  the  interesting  results,  one  of 
the  effects  needs  explanation.  The  main  effect  of  the  program 


factor  shows  up  strongly  in  the  correct  number  of  values  hand- 
simulated  {Table  1)  and  in  the  errors  made  in  hand-si mulation 
(Table  2) .  This  effect  is  due  to  the  fact  that  the  sort  program 
contains  only  two  variables  which  are  initialized  at  the 
beginning  of  the  program,  whereas  the  pcstfix  program  contains 
fourteen.  Thus,  subjects  with  the  postfix  program  were 
effectively  given  twelve  extra  values  before  getting  into  the 
main  algorithms  of  the  program.  It  should  be  noted,  however, 
that  this  did  not  affect  the  total  number  of  values  hand- 


simulated  (Table  3)  . 


Two  interesting  results  appeared  in  the  experiment.  The 
first  involves  the  effect  of  comments  and  mnemcnic  variables  on 
hand- simulaticn .  Comments  were  found  to  significantly  increase 
the  speed  with  which  subjects  hand-simulated,  whereas  mnemonic 
variables  tended  to  slow  subjects  down  (Table  3).  With  regard  to 
errors  made  in  hand-simulation,  a  significant  interaction 
appeared  between  these  two  factors.  When  comments  were  present 
and  mnemonic  variables  were  absent,  a  much  larger  number  of 
errors  were  made  than  in  any  of  the  ether  combinations 
(Table  2  (b)  )  . 


The  second  interesting  result  which  appeared  is  very 
ccunt er-intuitive .  This  involves  the  interaction  effect  of 
comments  and  paragraphing.  It  was  found  that  in  the  presence  of 
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comraents,  understanding  was  hindered  .by  the  presence  of 
paragraphing,  whereas  in  the  absence  of  comments,  paragraphing 
slightly  helped  understanding.  This  effect  appeared  in  all  three 
measures  of  understanding,  although  only  significantly  in  the 
hand- simulation  (Table  1(b))  and  the  self-evaluation 
{Table  5(b)) .  This  effect  had  first  appeared  in  the  pilot 
experiment  but  was  attributed  to  the  fact  that  the  comments  were 
not  indented  as  was  the  program  text.  In  the  main  experiment, 
however,  the  comments  were  indented  to  the  depth  of  the  program 
and  yet  the  same  effect  appeared,  even  more  strongly.  Before 
advocating  the  abolition  of  paragraphing,  however,  it  will  be 
necessary  to  investigate  this  effect  further,  perhaps  by 
experimenting  with  more  than  just  two  levels  of  paragraphing  and 
comments. 

Following  is  a  summary  of  the  main  effects  of  the  three 
factors:  Comments  increased  the  number  of  correct  values  hand- 
simulated  21%,  increased  the  number  of  errors  made  in  hand- 
simulation  71%,  increased  the  total  number  of  values  hand- 
simulated  314%,  increased  the  number  of  blanks  filled  in  13%^,  and 
increased  how  well  the  subjects  felt  they  understood  the  program 
25%.  The  effects  on  errors  and  total  hand-simulation  were 
statistically  significant.  Paragraphing  decreased  the  number  of 
correct  values  hand-simulated  24%,  increased  the  number  of  errors 
mads  in  hand-simulation  8%,  decreased  the  total  number  of  values 
hand-simulated  16%,  increased  the  number  of  blanks  filled  in  12%, 
and  increased  how  well  the  subjects  felt  they  understood  the 
program  12%.  None  of  these  effects  were  statistically 
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significant.  Mnemonic  variables  decreased  the  number  of  correct 
values  hand-simulated  10%,  decreased  the  number  of  errors  made  in 
hand- simulation  48%,  decreased  the  total  number  of  values  hand- 
simulated  22%,  increased  the  number  of  blanhs  filled  in  B-,  and 
increased  how  well  the  subjects  felt  they  understood  the  program 
12%.  The  effects  of  errors  and  total  hand-simulation  were 
statistically  significant.  It  should  be  remembered,  however, 
that  when  statistically  significant  interactions  occurred  between 
the  factors,  discussion  of  the  main  effect  is  not  necessarily 
meaningful. 

Analysis  of  variance  was  also  performed  on  how  helpful  the 
subjects  found  the  various  factors.  This  data  is  not  included 
because  in  all  three  cases,  the  predicted  effect  was  significant 
to  <. 1%  level,  that  is,  comments  were  found  extremely  helpful  in 
the  programs  containing  comments,  paragraphing  was  found 
extremely  helpful  in  the  programs  containing  paragraphing,  and 
mnemonic  variables  were  found  extremely  helpful  in  the  programs 
containing  mnemonic  variables.  Thus,  although  there  is  no 
significant  evidence  of  the  utility  of  paragraphing,  the  subjects 
overwhelmingly  thought  that  paragraphing  helped  when  it  was 


present . 


S  umma  rv 


The  need  for  well-structured,  well-documented  programs  is 
now  an  acknowledged  fact.  This  is  due  to  the  need  to  reduce  the 
complexity  of  the  numerous  large  systems  which  are  constantly 
being  developed.  It  is  our  belief  that  we  have  passed  the  point 
of  platitudes  and  must  establish  concrete,  quantitative  evidence 
of  those  factors  which  contribute  tc  program  complexity,  before 
we  can  hope  to  reduce  it.  The  experiment  described  herein  has 
been  an  attempt  to  measure  three  of  the  simpler  factors  affecting 
complexity  in  order  to  gain  insight  into  the  techniques  needed 
tc  begin  research  into  the  measurement  of  the  more  interesting 
complexity  factors,  those  involving  the  control  and  data  flow  of 
programs . 
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Table  1 : 


Effects  on  Hand-Simulation  (Number  of  Correct  Values) 


E- t es t 
Eatio 


(a)  Main  Effects 


Means  for  Factor  Comments 
Absent  Present 


27,9 


33,  9 


1 ,  4 


Means  for  Factor  .Paragraphing 


Absent  Present 


Signif : 
Level 


35.2 


26.7 


2.8 


Means  for  Fagtor  Variables 
Absent  Present 


32.5 


29 . 4 


.  4 


Means  for  Factor  Program 
Sort  Postfix 


25 . 2 


36.6 


^  1 


<5% 


(b)  Significant  Interactions 


Comments 


Paragraphing 
Absent  Present 


Absent 


Present 


26.2 

44.2 


29.7 

23.7 


5.7 


<2. 57o 


cance 
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Table  2:  Effects  on  Hand-Simulation  {Number  of  Errors) 

E-test  Significance 

Ratio  Level 

(a)  Main  Effects 


Means 

for  Eactor 
Absen  t 

Comment  s 
Present 

9.0 

15.4 

5.ii 

LD 

V 

Means 

for  Factor- 
Absent 

Paragraphing 

Present 

11.7 

12.6 

.  1 

Means 

for  Eactor 
Absent 

Variables 

Present 

16.0 

8.3 

7.9 

<1% 

Means 

for  Eactor 
Sort 

Program 

Postfix 

18.8 

5.6 

23.3 

<.  1 

(b)  Significant  Interactions 


Comments 


Variables 
Absent  Present 


Absent 


Present 


10.0 

22.0 


8.0 

8.7 


4.2 


<5% 
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Table  3:  Effects  on  Hand-Simulation  (Total  Number 

F- test 
Ratio 

(a)  'lain  Effects 

Means  for  e act or  Comments 
Absent  Present 

36.9  49.3  5.7 

Means  for  Eactor  Paragraphing 
Absent  Present 

46.9  39.3  2.1 

Means  for  Eactor  Variables 
Absent  Present 

48.5  37.7  4.3 

Means  for  Eactor  Program 
Sort  Postfix 

44,0  42.2  .1 


of  Values) 

3 i gn i f icance 
Level 


<2.5^ 


<5"? 
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Table  4:  Effects  cn  fill  in  the  Elanks 


E-test  Significance 

Ratio  Level 

(a)  Main  Effects 

Means  for  Factor  Comments 
Absent  Present 

5.1  6.0  1.0 

Means  for  Factor  Paragraphing 
Absent  Present 

5.2  5.8  .4 

Means  for  Factor  Variables 
Absen  t 

5. 3 

Means  for  Factor 
Sort 

6,  1 


Present 

5.7  .2 

Program 

Postfix 

5.0  1.3 
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Table  5:  Effects  cn  Self-Evaluation 

E-test  Significance 

Ratio  Level 


Means  for  Factor 
Absen  t 

Comments 

Presen  t 

3.2 

4.0  3.8,  <10'A 

Means  for  Factor 
Absen  t 

Paragraphing 

Present 

3.4 

3.3  .7 

Means  for  Factor 
Absen  t 

Variables 

Present 

3.4 

3.8  .6 

Means  for  Factor 
Sort 

Program 

Postfix 

3.  1 

4.1  5.2  <51 

(b)  Significant  Interactions 

Paragraphing 
Absent  Present 


Absent  2 . 1 

Comments 

Present  ^.7 

4.2  13.8  <.  1s; 

3.4 
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Table  6 : 


P.aw  lata 


Columns:  A  -  Hand  Simulation  (Number  of  Correct  Values) 

3  -  Hand  Simulation  (Total  Number  of  Values) 

C  -  Hand  Simulation  (Number  of  Errors) 


1  - 

Fill 

in  the  3 

1  a  n  k  s 

E  - 

Self- 

E valuat i 

OR 

V 

Cours 

e  Grade 

Eeplicate  1 

Droqram  - 

version 

A 

p 

C 

D 

p 

..j 

7 

sort- 0 

69 

69 

0 

8 

1 

69 

sort- 1 

9 

13 

4 

0 

2 

6  5 

sort- 2 

3V 

40 

3 

6 

3 

79 

sort- 3 

18 

27 

9 

2 

3 

6  6 

sort- 4 

ii4 

55 

11 

4 

1 

57 

sort- 5 

38 

40 

2 

1  0 

5 

97 

sort- 6 

26 

70 

44 

9 

2 

93 

sort-7 

20 

37 

IV 

10 

4 

77 

postfix-0 

34 

44 

10 

5 

5 

9  1 

postfix- 1 

38 

40 

2 

6 

1 

92 

postf ix-2 

30 

36 

6 

5 

2 

75 

r ostf ix-3 

38 

40 

2 

5 

7 

77 

postf  ix-^  4 

136 

151 

15 

8 

8 

88 

postfix-5 

62 

63 

1 

8 

5 

8  6 

postf ix- 6 

26 

3  1 

5 

2 

2 

63 

postf ix- 7 

28 

30 

2 

2  ■ 

3 

64 

Replicate  2 

Droqram  - 

version 

A 

E 

C 

D 

K 

sort- 0 

14 

44 

30 

0 

3 

75 

sort- 1 

20 

39 

19 

4 

2 

79 

s  ort- 2 

36 

43 

7 

2 

6 

82 

sort- 3 

25 

53 

28 

9 

5 

55 

sort- 4 

14 

59 

45 

0 

1 

80 

sort- 5 

28 

47 

19 

3 

2 

59 

sort- 6 

15 

56 

41 

10 

3 

83 

sort-7 

19 

52 

33 

2 

1 

7  1 

postf ix-0 

25 

31 

6 

1 

0 

73 

postf ix- 1 

29 

45 

16 

6 

3 

84 

postf ix-2 

34 

4  1 

7 

8 

1 

69 

postf ix-3 

19 

2t| 

5 

3 

3 

59 

r ostf ix-4 

41 

46 

5 

2 

8 

68 

postf ix-5 

43 

43 

0 

7 

6 

77 

postf ix-6 

25 

30 

5 

8 

8 

93 

Dostf ix-7 

i. 

22 

24 

2 

3 

6 

7  4 

26 


p roar am  -  versaon 

A 

sort--  0 

28 

sort- 1 

14 

sort- 2 

15 

sort- 3 

19 

sort- 4 

18 

sort- 5 

39 

sort- 6 

2  1 

sort- 7 

25 

postfix-0 

20 

postfix- 1 

26 

postfix- 2 

16 

postf ix- 3 

40 

postfix- 4 

2  6 

postfix-5 

52 

postfix-6 

29 

postf ix-7 

35 

i  c  a  t  G_  3 


C 

0 

E 

■p 

30 

10 

7 

87 

5 

10 

2 

79 

19 

8 

3 

6  1 

1 

6 

3 

69 

35 

10 

5 

8  4 

1 1 

10 

7 

83 

31 

6 

2 

87 

7 

8 

2 

79 

0 

1 

1 

63 

4 

2 

1 

77 

1 

0 

0 

48 

0 

10 

8 

79 

8 

8 

4 

6  3 

5 

9 

6 . 5 

90 

20 

7 

6 

68 

6 

3 

3 

66 

3e_cl 

■p 

58 

19 

34 

20 

53 

50 

52 

32 

20 

30 

17 

40 

34 

57 

49 

4  1 


A  D  D  e  n  d  i  X  A 


Scrt  Program  -  Version  0 

(No  Comments,  No  Paragraphing,  No  Mnemonic 


PROCEDURE  PROGRAM  (REAL  ARRAY  A {^) ;  INTEGER 
BEGIN 

INTEGER  I,K,Q,M,P; 

REAL  T,X; 

INTEGER  ARRAY  UT 
INTEGER  ARRAY  LT 

I :  =  1  ; 

M  :  =  1  ; 

N:IF  J-I>1  THEN 
BEGIN 

P  :=TRUNCATE  {  (J+I)  /2)  ; 

T  :=A  (P)  ; 

A{P)  :=A(I)  ; 

Q  :  =  J  ; 

K:=I+  1  ; 

WHILE  K<=Q  DO 
BEGIN 

IF  A  (K)  >T  THEN 
BEGIN 

WHILE  Q>=K  DO 
BEGIN 

IF  A  (Q)  <T  THEN 
BEGIN 
X:-A(K)  ; 

A  (K)  :=A(Q)  ; 

A  (Q)  :-X; 

Q:=Q-1  ; 

GOTO  L; 

END; 

Q:=Q-1; 

END; 

Q:=K-1  ; 

GOTO  S; 

END; 

L:K:=K+1 ; 

END; 

S  :A(I)  :=A  (Q)  ; 

A(Q)  :=T; 

IF  2-Q>J+I  THEN 

BEGIN 

LT  (M)  ;=I ; 

UT  (M)  :=Q-  1  ; 

I:=Q+1  ; 

END 

ELSE 

BEGIN 

LT  (M)  ;=Q+  1  ; 


Variables) 
VALUE  J)  ; 
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UT  (M)  :-J; 

END; 

M  :=^M+  1  ; 

GOTO  N; 

END 

ELSE 

IF  KJ  THEN 
aFGIN 

IF  A  (I)  >A  (J) 
BEGIN 
X:=A(I)  ; 

A  (I)  :=A{J)  ; 
A{J)  :=X; 

END; 

END; 

M:  =  M-  1 ; 

IE  N>0  THEN 
BEGIN 
I  :=LT  (N)  ; 
J:=UT  (N)  ; 
GOTO  N; 

END; 

END; 


THEN 
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Sort  Proarara 


Version  1. 


{No  Cor.iments,  No  Paragraphing,  Mnemonic  Variatles) 


PPOCEDURE  PROGEAE  {REAL  ARRAY  LIST(^);  INTEGER  VALUE 
B  EGIN 

INTEGER  LOWER, LOOP, SPLITINDEX,N00E5EGEENTS, El DPT; 
REAL  SPLIT VALUE, TEEP; 

INTEGER  ARRAY  UPPERB0UND3  (1:;U?PER); 

INTEGER  ARRAY  LOWERBOUNDS  (1:;UPPER); 

LOWER :=1 ; 

NCOFSEGEENTS:=1; 

START: IE  UPPER- LO WER> 1  THEN 
BEGIN 

NIDPT:=TRUNCATE  (  {UPPER  +  LC WER)  /2)  ; 

SPLITVALUE:=LIST (NIDPT)  ;  _ 

LIST (MIDPT)  :=IIST  (LOWER)  ; 

SPLITINDEX :=UPPER ; 

LOOP: =LOWER+ 1  ; 

WHILE  LOO?<=SPLITINDEX  DO 
BEGIN 


IE  LIST  (LOOP)  >SPLITVALUE  THEN 
BEGIN 

WHILE  SPLITINDEX>=LOO?  DO 
BEGIN 


IF  LIST (SPLITINDEX) <SPLITVALUE  THEN 
BEGIN 

TEND;  =LIST  (LOOP)  ; 

LIST (LOOP)  :=LIST  (SPLITINDEX)  ; 

LIST (SPLITINDEX) :=TEXP; 

SPLITINDEX :=SPLITINDEX-1 ; 

GOTO  NEXTLOOP; 

END; 

SPLITINDEX: =SPLITINDEX-1 ; 

END; 

SPLITINDEX :=LO OP-  1  ; 

GOTO  SPLITDCNE; 

END; 

NEXTLOOP  :  LOOP  :=LOCP-«-1  ; 

END; 

SPLITDONE: LIST (LOWER)  : =LI ST  ( SPLITINDEX)  ; 
LIST  (SPLITINDEX)  : = SPLI TVALUE ; 

IF  2-SPLITINDEX>UPPER+LOWER  THEN 
BEGIN 

LOWERBOUNDS  (N00FSEGNENT5)  :=LOWER; 
UPPEREOUNDS (NCOFS EGNENTS)  :  =SPLITIND EX-  1  ; 
LOWER :=SPLITINDEX+  1  ; 

END 


ELSE 

BEGIN 


LOWER BOUNDS  (NOOFSEGNENT3) 
UPPERBOUNDS (NQOFSEGNENTS) 
UPPER :  =  SPLITINDEX-  1  ; 

END; 


:=SPLITINDEX+1 ; 
:=UPPER ; 


UPPER)  ; 


3  0 


nOOT’SEG^IEi'ITS;  =NOO F SEG  I'lENT  S+ 1  ; 
GOTO  START; 

END 

ELSE 

IE  LOWEEXUPPER  THEN 
BEGIN 

IE  LIST  (LCHEP)  >LIST  (UPPER)  THEN 
BEGIN 

TEHP:  =LIST  (LONER)  ; 

LIST  (LOWER)  :=LIST  (UPPER)  ; 

LIST (UPPER) :=TEHP ; 

END; 

END; 

NCOESEGNENTS : =NOOESEGNENT S- 1 ; 

IF  NOOFSEGNENTS>0  THEN 
BEGIN 

LOWER ; =LOWEREOUNDS  (NCOFSEGMENTS) 
UPPER :=UP?ERECUNDS  (NOOFSEGMENTS) 
GOTO  START; 

END; 

END; 
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Sort  Pro a ram 


Version  2 


(!Jo  Comments,  Far aqraphing ,  No  Mnemonic  Variables) 


PPOCVDUr.P  PROGPAM  (RIAL  ARRAY  A  (-)  ;  INTEGER  VALNE  J)  ; 
BEGIN 

INTEGER  I,K,Q,M,P; 

REAL  T,X; 

INTEGER  ARRAY  UT 
INTEGER  ARRAY  LT  (I-:!); 

I:  =  1; 

M  :  =  1  ; 

N:  IF  J-I>1  THEN 

BEGIN 

P:=TRUNCATE  {  (J+I)/2)  ; 

T:=A(P)  ; 

A(P)  A(I)  ; 

C:=J; 

K:=I+ 1 ; 

NHILE  K<=0  PO 
BEGIN 

IE  A(K)>T  THEN 
BEGIN 

WHILE  Q>=K  DO 
BEGIN 

IE  A  (0)  <T  THEN 
BEGIN 

X:  =A  (K)  ; 

A.  (K):=A{Q); 

A  (Q)  :=X; 

Q:=9-1  ; 

GOTO  L; 

END  ; 

Q:=Q-1 ; 

END  ; 

Q:-K-1; 

GOTO  S; 

END; 

L:  K;=K+1; 

END  ; 

S:  A  (I)  :=A  (0)  ; 

A  (Q)  :=T; 

IE  2-Q>J+I  THEN 
BEGIN 

LT’  (M)  :=I ; 

UT  (M)  :=Q-  1 ; 

I:=Q+1 ; 

END 

ELSE 

BEGIN 

LT  (M)  :=Q  +  1 ; 

UT  {M)  :=J  ; 

J:=Q-1 ; 

EN  D ; 
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M  :  =  M  +  1  ; 
GOTO  N; 
ElID 


IF  I<J  THEl^I 

1 1  gin 

IF  ?.{T)>Pi{J)  TF.FN 
BFGI>] 

X:=A(I)  ; 

A  (I)  :=A(J)  ; 

A  (J)  —X; 

END  ; 

END; 

X:  ; 

IF  i!1>0  THEN 
BEGIN 

I:  =LT  (M)  ; 

J:  =UT  (M)  ; 

GOTO  N; 


END 


END; 
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Sort  Proa ram 


Version  3 


(No  Comments,  Paragraphing,  Mnemonic  Variables) 


PROCEPURP  PROGRAM  (REAL  T^RRAY  LIST  (-)  ;  INTEGER  VALUE  UPPER)  ; 
BEGIN 


START : 


NEXTLOOP: 

SPLTTDONE: 


INTEGER  LOWER, LOOP, SPLITINDEX , NOOFSEGMENTS, MIDPT ; 
REAL  SPLITVALUE, TEMP ; 

INTEGER  ARRAY  UPPERBCUNDS  (1:: UPPER); 

INTEGER  ARRAY  LOWERBOUNDS  (1:;UPPER); 

LOWER ;=1 ; 

NOOFSEGMENTS ;  =  1  ; 

IE  UPPER-LOWER>1  THEN 
BEGIN 

MIDPT:  ^TRUNCATE  {  (UPPER  +  LOWER) /2)  ; 
SPLITVALUE:=LIST  (MIDPT)  ; 

LIST  (MIDPT)  :=LIST  (LOWER)  ; 

SPLITINDEX: =UPPER; 

LOOP: =LOWER+ 1  ; 

WHILE  LOOP<=SPLITINDEX  DO 
BEGIN 

IE  LIST  (LOOP)  >S?LITVAIUE  TEiEN 
BEGIN 

WHILE  SPLITINDEX>=LOCP  DO 
BEGIN 

IE  LIST (SPLITINDEX) <S?LITVALUE  THEN 
BEGIN 

TEMP:=LIST  (LOOP)  ; 

LIST  (LOOP)  :=LIST  (SPLITINDEX)  ; 
LIST  (SPLITINDEX)  :^TEMP; 
S?LITINDEX:=SPLITINDEX-1  ; 

GOTO  NEXTLOOP; 

END; 

SPLITINDEX :  =  SPLIT INDEX-  1  ; 

END; 

SPLITINDEX:=LOOP-1 ; 

GOTO  SPLTTDONE; 

END; 

LOOP  :  =  LOOP+1 ; 

END  ; 

LIST  (LOWER)  :  =LIST  (SPLITINDEX)  ; 

LIST  (SPLITINDEX)  :  =  SPLITVALUE ; 

IE  2-SPLITINDEX>UPPER+LOWER  THEN 
BEGIN 

LOWERBOUNDS  (NOOFSEGMENTS)  :=LOWER; 
UPPEREOUNDS  (NOOFSEGMENTS)  : =SPLI TINDEX-1 ; 
LOWER: =SPLITINDSX+  1  ; 

END 

ELSE 

BEGIN 

LOWERBOUNDS  (NOOFSEGMENTS)  : =SPLITINDEX+ 1 ; 
UPPERBOUNDS  (NOOFSEGMENTS)  : =UP?ER  ; 
nPPER:=SPLITINDEX-1 ; 

END; 
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NOOFSFGilENTS  :=NOOFSEGi'IHNIS  +  1  ; 

GOTO  STAPT; 

END 

ELSE 

IE  LOEEP<U?PEE  THEN 
ELGIN 

IE  LIST  (LOPIE?.)  >LIST  (UPPER)  THEN 
BEGIN 

TEHP:=LIST  (LOWER)  ; 

LIST  (LOWER)  :=LIST  (UPPER)  ; 
LIST  (UPPER)  :=TSlMP; 

END  ; 

END; 

NOCESEGHENTS;=NOOESEGMENIS- 1 ; 

IF  NOOESSGHENTS>0  THEN 
BEGIN 

LOWER: =LOWERSCUNES  (NOOESEGHENT S)  ; 
UPPER :=UPPERBOUNBS (NOOFSEGNSNT S)  ; 
GOTO  START; 

END; 

END ; 
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Vf^rsion  4 


Scrt  Pr^ra^  - 
{Comments,  No  Paragraphing,  No  Mnemonic  Variafcles) 


PPOCEDURE  PHOGBAM  (P.EAL  ARRAY  A  ;  INTEGER  VALUE  J) 
BEGIN 

INTEGER  T,K,0,M,P; 

REAL  T,X; 

INTEGER  ARRAY  UT  ( 1  : : J)  ; 

INTEGER  ARRAY  IT 

COMMENT 
INITIALIZE ; 

I:-1; 

M  :  =  1  ; 

N:IF  J-I>1  THEN 
BEGIN 


COMiMENT 

THIS  SEGMENT  HAS  MORE  THAN  TWO  ELEMENTS 
SO  SPLIT  IT; 

P  :=TRUNCATE  (  (J  +  I)  /2)  ; 

T:=A  (P)  ; 

A(P)  —A  (I)  ; 

Q:-J; 

K;=I+  1  ; 

WHILE  K<=Q  DO 
BEGIN 

COMMENT 

search  for  an  ELEMENT  >  T  STARTING 
FROM  THE  BEGINNING  OF  THE  SEGMENT.  IE  SUCH 
AN  ELEMENT  IS  FOUND  SEARCH  FOR  AN  ELEMENT 
<  T  STARTING  FROM  THE  END  OF  THE 
SEGMENT.  IF  SUCH  AN  ELEMENT  IS  FOUND 
EXCHANGE  THEM.  CONTINUE  SEARCHING  FOR 
ANOTHER  PAIR  TO  EXCHANGE.  ; 

IF  A(K)>T  THEN 
BEGIN 

WHILE  Q>=K  DO 
BEGIN 

IF  A  (Q)  <T  THEN 
BEGIN 
X:=A(K)  ; 

A(K):=A(Q); 

A  (Q)  :=X; 

Q:=Q-1; 

GOTO  L; 

END; 
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Q:=Q-1; 

END; 

Q:=K-  1 ; 

GOTO  S; 

END; 

L; K:  =  K+  1  ; 

END; 

COMMENT 

NE  REACH  THIS  POINT  WHEN  THE  SEARCH  GOING 
UPWARDS  MEETS  THE  SEARCH  COMING  DOWN; 

S:A(I)  :=A  (Q)  ; 

A  (Q)  :=T; 

COMMENT 

THE  SEGMENT  HAS  BEEN  SPLIT  INTO  TEPEE  PARTS 
(THE  MIDDLE  PART  HAS  ONLY  ONE  ELEMENT) 

STORE  THE  POSITION  OE  THE  LARGEST  SEGMENT  IN 
UT  AND  LT  ARRAYS, 

RESET  J  AND  I  TO  GIVE  THE  POSITION 
OE  THE  NEXT  LARGEST  SEGMENT,  AND  GO  SPLIT 
THIS  SEGMENT; 

IE  2-Q>J+I  THEN 

BEGIN 

LT  (M)  ;=I ; 

UT  (M)  :=Q-  1  ; 

I:=Q+1; 

END 

ELSE 

BEGIN 

LT{M)  :=Q+1; 

UT  (M)  :=J; 

; 

END; 

M:=M+  1  ; 

GOTO  N; 

END 

ELSE 

IE  I<J  THEN 
BEGIN 


COMMENT 

THIS  SEGMENT  HAS  JUST  TWO  ELEMENTS,  PROCESS  IT; 

IE  A  (I)  >A  (J)  THEN 

BEGIN 

X:=A{I)  ; 

A  (I)  ;-A{J)  ; 

A  (J)  :-X; 

END; 

END; 

COMMENT 
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I?  THF  IJT  AND  LT 

ARRAYS  CONTAIN  MOPE  SEGMENTS,  TAKE  THE 
NEXT  SEGMENT  AND  PROCESS  IT; 

IF  M>0  THEN 

FEGIN 

I :  =LT  (M)  ; 

J  :=UT  (M)  ; 

GOTO  N; 

END; 

END; 
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~  ]^f5rsion_5 

(Comments,  No  Paragraphing,  Mnemoric  Variables) 


PEOCEDUPE  PROGPAE  (P.EAL  AF.P.AY  LIST(-);  INTEGER  VALUE  UPPER); 
BEGIN 

INTEGER  LOWER, LOOP, SPLITINEEX^NOOESEGNENTS, NIDPT; 

REAL  SPLI LVALUE, TEMP; 

INTEGER  ARRAY  UPPERBOUNDS  {1::TJPPER); 

INTEGER  ARRAY  L0WER30UNDS  (1::UPPER.); 

COMMENT 

INITIALIZE; 

LOWER :=1 ; 

NOOFSEGMENTS:  =  1  ; 

START: IE  UPPER-IOWER> 1  TEEN 
BEGIN 

COMMENT 

THIS  SEGMENT  HAS  MORE  THAN  TWO  ELEMENTS 
SO  SPLIT  IT; 

MTDPT : ^TRUNCATE  {  (UPPER  +  LO WER)  /2)  ; 

SPLITVALUE: =LIST (MIDPT)  ; 

LIST(MIDPT)  :=LIST  (LOWER)  ; 

SPLITINPEX:=UPPER; 

LOOP: =LOWER+1  ; 

WHILE  LOOP<=SPLITINDSX  DO 
BEGIN 


COMMENT 

SEARCH  FOR  AN  ELEMENT  >  SPLITVALUE  STARTING 
FROM  THE  BEGINNING  OF  THE  SEGMENT.  IF  SUCH 
AN  ELEMENT  IS  FOUND  SEARCH  FOR  AN  ELEMENT 
<  SPLITVALUE  STARTING  FROM  THE  END  OF  THE 
SEGMENT.  IF  SUCH  AN  ELEMENT  IS  ECUND 
EXCHANGE  THEM.  .  CONTINUE  SEARCHING  FOR 
ANOTHER  PAIR  TO  EXCHANGE.  ; 

IF  LIST (LOOP) >SPLITVALUE  THEN 
BEGIN 

WHILE  SPLITINDEX>=LOOP  DO 
BEGIN 

IF  LIST (SPLITINDEX) <SPLITVALUE  THEN 
BEGIN 

TEMP: =LIST  (LOOP)  ; 

LIST  (LOOP)  :=LIST  (SPLITINDEX)  ; 

LIST  (SPLITINDEX)  : =TEMP ; 

SPLITINDEX:  =  SPLITINDEX-’1  ; 

GOTO  NEXTLOOP; 

END; 
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SFLI?I!'IDE>::=SPLI^IND^X-1  ; 

END; 

SPLITINDEX:=L00P-1 ; 

GOTO  SPLTTDONE; 

END; 

NEXTLOOP ; LOOP : =LOCP+ 1 ; 

END; 

COMMENT 

WE  PEACE  THIS  POINT  WHEN  THE  SEAPCH  GOING 
UPWARDS  NEETS  THE  SEARCH  CONING  DOWN; 


SPLITDONE:  LIST  (LOWER)  :  =LI  ST  ( SPLITINDEX)  ; 
LIST  (SPLITINDEX)  ; = SPLITTALUE ; 


CCNNSNT 

THE  SEGNENT  HAS  BEEN  SPLIT  INTO  THREE  PARTS 
(THE  NIDDLE  PART  HAS  ONLY  ONE  ELENENT) 

STORE  THE  POSITION  OF  THE  LARGEST  SEGiNENT  IN 
UPPERBOUNDS  AND  LOWERBOUNCS  ARRAYS, 

RESET  UPPER  AND  LOWER  TO  GIVE  THE  POSITION 
OF  THE  NEXT  LARGEST  SEGNENT,  AND  GO  SPLIT 
THIS  SEGNENT; 


IF  2-SPLITINDEX>UPPER+LOWER  THEN 
BEGIN 


LOWEREOUNDS  (NOOESEGNENTS)  :=IOWER; 
UPPERBOUNDS  (NOOESEGNENTS)  :  =SPLITIND EX- 1 ; 
LOWER : =S?LITINDEX+  1  ; 

END 


ELSE 

BEGIN 

LOWEREOUNDS  (NOOESEGNENTS)  :  =  SPLITIND EX+ 1 ; 
UPPERBOUNDS  (NOOESEGNENTS)  ;=U?PER; 

UPPER :  =  S?LITINDEX-1  ; 

END; 

NOOESEGNENTS: =NCOE SEG NENT S+ 1 ; 

GOTO  START; 

END 


ELSE 

IE  LOWER<U?PER  THEN 


BEGIN 


CONNENT 

THIS  SEGNENT  HAS  JUST  TWO  ELENENTS,  PROCESS  IT; 

IE  LIST (LOWER) >LIST (UPPER)  THEN 
BEGIN 

TEN?:  =LI ST  (LOWER)  ; 

LIST  (LOWER)  :=LIST  (UPPER)  ; 

LIST(U??ER) :=TEN?; 

END; 

END; 


CONNENT 
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IF  THF  UPPE5E0UIIDS  AND  LONEP.EOUNDS 
ARRAYS  CONTAIN  MORE  SEGMENTS,  TAKE  THE 
NEXT  SEGMENT  AND  PROCESS  IT; 

NOOFSEGMENTS: =NOOESSGMENTS- 1 ; 

IF  NOOESEGMENTS>0  THEN 
BEGIN 

LOWER ;=LOWEREOUNDS  {NOOE5E GHENT S)  ; 

UPPER :=UPPERBOUNDS  (NOOESEGMENTS)  ; 

GOTO  START; 

END; 

END; 
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Sort  Pro q ran 


Version  6 


(Comments,  Paragraphing,  lio  Mnemonic  Variables) 


PPOCPDURE  PROGRAM  (PEAL  ARRAY  A  {'-)  ;  INTEGER  VALUE  J)  ; 
BEGIN 

INTEGER  I,K,Q,M,P; 

REAL  T,X; 

INTEGER  ARRAY  UT  (1:;J); 

INTEGER  ARRAY  LT 


COMMENT 
INITIALIZE ; 


N:  IE  J-I>1  THEN 

BEGIN 

COMMENT 

THIS  SEGMENT  HAS  MORE  THAN  TWO  ELEMENTS 
SO  SPLIT  IT; 

P:=TRUNCATE  (  (J  +  I) /2)  ; 

T:-A(P)  ; 

A  (P)  :=A(I)  ; 

Q:-J; 

K :=I  +  1  ; 

WHILE  K<=Q  PO 
BEGIN 


COMMENT 

SEARCH  EOR  AN  ELEMENT  >  T  STARTING 
FROM  THE  BEGINNING  OF  THE  SEGMENT.  IE  SUCH 
AN  ELEMENT  IS  ROUND  SEARCH  FOR  AN  ELEMENT 
<  T  STARTING  FROM  THE  END  OF  THE 
SEGMENT.  IE  SUCH  AN  ELEMENT  IS  FOUND 
EXCHANGE  THEM.  CONTINUE  SEARCHING  FOR 
ANOTHER  PAIR  TO  EXCHANGE.; 

IF  A  (K)  >T  THEN 
BEGIN 

WHILE  Q>=K  DO 
BEGIN 

IF  A  (Q)  <T  THEN 
BEGIN 

X:=A  (K)  ; 

A{K)  :=A(Q)  ; 

A(Q):=X; 

Q:=Q-1; 

GOTO  L; 

END  ; 
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L  : 


S  : 


Q:=Q-1 ; 

END; 

Q:=K-^; 

GOTO  S; 

END  ; 

K:=K+1 ; 

END; 

CONN ENT 

WE  P.EACH  THIS  POINT  NHEN  THE  SEAHCH  GOING 
UPWARDS  MEETS  THE  SEARCH  COMING  DOWN; 

A  (I)  :=A{Q)  ; 

(Q)  :  =T; 

COMMENT 

THE  SEGMENT  HAS  EEEN  SPLIT  INTO  THREE  PARTS 
(THE  MIDDLE  PART  HAS  ONLY  ONE  ELEMENT) 

STORE  THE  POSITION  OF  THE  LARGEST  SEGMENT  IN 
DT  AND  LT  ARRAYS, 

RESET  J  AND  I  TO  GIVE  THE  POSITION 
CE  THE  NEXT  LARGEST  SEGMENT,  AND  GO  SPLIT 
THIS  SEGMENT; 

IF  2-Q>J4-I  THEN 
BEGIN 

LT  (M)  :=I ; 

UT  (M)  :=Q-^ ; 

I:=Q+1 ; 

END 

ELSE 

BEGIN 

LT{M)  ;=Q  +  1; 

UT  (M)  :=J  ; 

J:=Q-1 ; 

END; 

M:=M+1; 

GOTO  N; 

END 

ELSE 

I^  KJ  THEN 
BEGIN 

COMMENT 

THIS  SEGMENT  HAS  JUST  TWO  ELEMENTS,  PROCESS  IT; 

IE  A(I)>A,  (J)  TEEN 
BEGIN 

X:=A(I)  ; 

A{I)  :=A{J)  ; 

A  (J)  ;=X; 

END  ; 

END; 
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IP  IHE  UT  .AND  IT 

apdays  contain  mope  segments,  take  the 

NEXT  SEGNENT  AND  PEOCESS  IT; 

H: =W-1  ; 

IP  M>0  THEN 
HEGIN 

I:  =LT  (N)  ; 

J:  =UT  (M)  ; 

GOTO  N; 

END; 

END; 
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Sort  Proaram 


-  Version  7 


(Comments,  Paragraphing,  Mnemonic  Variahles) 


PROCPPPP.P  PROGRAM  {P.PAL  ARRAY  LIST  (=!')  ;  IMTRGRR  VALUE  UPPER) 
BEGIN 

INTEGER  LONER, LOOP, SPLITINDEX, NOOFSEGMENIS, M IDPT ; 

REAL  SPLITVALUE, TEMP ; 

INTEGER  ARRAY  UPPERBCUNDS  (1::UPPER)* 

INTEGER  ARRAY  LONEREOUNDS  (1::UFPER); 

COMMENT 

INITIALIZE; 

LOWER :=1 ; 

NOOESEGMENTS  :  =  1 ; 

START:  IE  UPPER-LOWERM  TEEN 

BEGIN 

COMMENT 

TEIS  SEGMENT  HAS  MORE  THAN  TWO  ELEMENTS 
SO  SPLIT  IT; 

MIDPT : ^TRUNCATE (  (DPPER  +  LOWER) /2)  ; 

SPLITVALUE:=LIST  (MIDPT)  ; 

LIST  (MIDPT)  :  =LIST  (LOWER)  ; 

SFLITINDEX:^ UPPER; 

IOOP:=LOWER+1 ; 

WHILE  LOOP<=SPLITINDEX  DO 
BEGIN 

COMMENT 

SEARCH  FOR  AN  ELEMENT  >  SPLITVALUE  STARTING 
FROM  THE  BEGINNING  OE  THE  SEGMENT.  IE  SUCH 
AN  ELEMENT  IS  FOUND  SEARCH  FOR  AN  ELEMENT 
<  SPLITVALUE  STARTING  FROM  THE  END  OF  THE 
SEGMENT.  IF  SUCH  AN  ELEMENT  IS  FOUND 
EXCHANGE  THEM.  CONTINUE  SEARCHING  FOR 
ANOTHER  PAIR  TO  EXCHANGE.; 

IF  LIST  (LOOP) >SPLITVAIUE  THEN 
BEGIN 

WHILE  SPIITINDEX>=LCOP  DO 
BEGIN 

IF  LIST (SPLITINDEX) <S?LITVALUE  THEN 
BEGIN 

TEMP:=LIST  (LOOP)  ; 

LIST  (LOOP)  :=LIST  (SPLITINDEX)  ; 

LIST  (SPLITINDEX)  :=TEM?; 
SPLITINDEX:=SPLITINDEX-1  ; 

GOTO  NEXTLOOP; 

END  ; 
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NEXTLOOP : 


SPLITDONE: 


SPLITINDEX :=SPLITINDSX- 1 ; 

ENE; 

SPIXHNDEX:=LOOP-1  ; 

GOTO  SPLITDONE; 

T'  >1  r  • 

LOOP  :=LOOP+ 1 ; 

END  ; 

CO XX  ENT 

NE  PvSACH  THIS  POINT  WHEN  THE  SEAHCH  GOING 
UPWAEDS  XEETS  THE  SEARCH  CGXING  EONN ; 

LIST  (LOWER)  :=LIST  (SPLITINDEX)  ; 

LIST  (SPLITINDEX)  :  =  SPLITVALUE ; 

C  C  X  X  E  N  T 

THE  SEGMENT  HAS  EEEN  SPLIT  INTO  THREE  PARTS 
(THE  MIDDLE  PART  HAS  ONLY  ONE  ELEMENT) 

STORE  THE  POSITION  OF  THE  LARGEST  SEGMENT  IN 
UPPER30UNDS  AND  I0WER3GUNBS  ARRAYS, 

RESET  UPPER  AND  LOWER  TO  GIVE  THE  POSITION 
CE  THE  NEXT  LARGEST  SEGMENT,  AND  GO  SPLIT 
THIS  SEGMENT; 

IF  2=^'S?LITINDEX>UPPER  +  LOWER  TEEN 
3EGIN 

L0WER30UNDS  (NOOESEGMENTS)  : =LOWER; 

UPPEREGUNDS  (NOOESEGMENTS)  : =SPLITINDEX-1 ; 
LOWER:=SPLITINDEX+ 1 ; 

END 

ELSE 

3EGIN 

LOWERBOUNDS  (NOOESEGMENTS)  : =SPLI TINDEX+ 1 ; 
UPPEREGUNDS  (NOOESEGMENTS)  :=UP?ER; 

UPPER :=SPLITINDEX- 1 ; 

END  ; 

NCO?SEG-t1ENTS:=NOOFSEGMSNTS+1  ; 

GOTO  START; 

END 

ELSE 

IF  LOWER<UPPER  THEN 
BEGIN 

COMMENT 

THIS  SEGMENT  HAS  JUST  TWO  ELEMENTS,  PROCESS  IT; 

IE  LIST  (LOWER)  >LIST  (UPPER)  THEN 
BEGIN 

TEMP;=LIST  (LOWER)  ; 

LIST  (LOWER)  : “LIST  (UPPER)  ; 

LIST  (UPPER)  :=TEM?; 

END; 

END; 
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IF  the  npPEpPOUNDS  AND  LONE5BCUNDS 
AEEAYS  CONTAIN  NORE  SEGMENTS,  TAKE  THE 
NEXT  SEGMENT  AND  PROCESS  IT; 

NOCESEGMENTS :=NOOFSEGMENTS-1 ; 

IF  nooesegments>o  then 

EEGIN 

loner : ^lOWEREOUNES  (NOOESEGMENT S)  ; 
UPPER :=UPPERECUNDS (NOOESEGMENTS)  ; 
GOTO  START; 

END; 

END; 
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postfix  Program 


Version  0 


(No  Comments,  No  Paragraphing,  No  mnemonic  Variables) 


PROCEDURE  PRCGRAN  (STRING  (80)  X;  STRING  (30)  Y)  ; 
BEGIN 

STRING  (1)  ARRAY  R(1::40); 

INTEGER  ARRAY  S  (1::40); 

INTEGER  U,V,>T; 

LOGICAL  E; 

STRING{1)  K; 

INTEGER  L; 

STRING  (8)  M; 

INTEGER  ARRAY  N(0::7); 

INTEGER  I; 

LOGICAL  G; 

STRING  (26)  B;  . 

PROCEDURE  C; 

BEGIN 

IE  U>1  THEN 
BEGIN 

Y  {N|  1)  :=R  (U-1)  ; 

W; =W+  1  ; 

U:=U-1; 

END 

ELSE 

A; 

END; 

PROCEDURE  D; 

BEGIN 
R  (U)  :  =K; 

S  (U)  :=L; 

U:=U+1; 

END; 

PROCEDURE  A; 

BEGIN 

WRITE  (’’ERROR”)  ; 

GOTO  Q; 

END; 

U  :  =  1  ; 

V  :=0 ; 

W:=0  ; 

E :=”AECDEEGHIJKLmNOPQRSTDVWXYZ” ; 

,  Q  =  +  -:4t /"  ; 

EOR  T:=0  UNTIL  4  DO 
N  (I)  :=I; 

N  (5)  :=4; 

N  ( 6 )  :  =  5  ; 

N  (7)  :  =5; 

WHILE  -.F  DO 
BEGIN 

K:=X  (VI  1)  ; 

V :=V+  1  ; 
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G  :=FALSE; 

EOF  I— 0  UNTIL  25  DO 
IF  E  (I  !  1)  =K  THEN 
G:=TFUE; 

IF  G  THEN 
BEGIN 

Y  (W|  1)  ;-K; 

W 1  ; 

END 

ELSE 
BEGIN 
I  :=0  ; 

WHILE  K-.  =  N  (I  j  1)  DC 
IF  I<7  THEN 
I :=I+  1 

ELSE 

A  * 

lUn  (I)  ; 

IF  U= 1  THEN 
D 

ELSE 

IF  L>2  THEN 
BEGIN 

WHILE  (U>1)  AND  (L<=S{U-1))  DO 
C; 

D; 

END 

ELSE 

CASE  L+1  OF 

BEGIN 

BEGIN 

WHILE  U>1  DO 

C  ; 

Y  (W!  1)  :=K; 

F  :=TRUE; 

END; 

BEGIN 

D; 

END; 

BEGIN 

WHILE  S(U-1)-=1  DO 

END; 

END; 

END; 

END; 

Q : END  ; 
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(No  Comments,  No  Paragraphing,  Mnemonic  Variables) 


PPOCEDURE  PROGRAM  '  (STP.TNG  (80)  INSTRING;  STRING  (80)  OUTSTRIMG); 
RTGIN 

STRING(I)  ARRAY  OPSTACK  { 1  :  :  40)  ; 

INTEGER  ARRAY  PRIOSTACK  (1::40); 

INTEGER  STACKINDEX,ININDEX,CUTINDEX; 

LOGICAL  ENEOFSTRING; 

STRING  (1)  OP; 

INTEGER  PRIO; 

STRING  (8)  OPERATORS; 

INTEGER  ARRAY  PRIG  PITIES  {  0 :: 7)  ; 

INTEGER  LOOP; 

LOGICAL  Vi^.RIAELE; 

STRING  (26)  ALPHA; 

PROCEDURE  POP; 

EEGIM 

IE  STACKINDEXM  THEN 
BEGIN 

OUTSTRING  (OUTINDEX  1  1)  :  =OP  STACK  (STACKINDEX- 1)  ; 

OUTINDEX: =OUTINEEX+1 ; 

STACKINDEX:=STACKINDEX-1 ; 

END 

ELSE 

ERROR; 

END; 

PROCEDURE  PUSH;  . 

BEGIN 

OPSTACK (STACKINDEX) :=OP; 

PRIOSTACK  (STACKINDEX)  — PRIO; 

STACKINDEX :=STACKINDEX+ 1 ; 

END; 

PROCEDURE  ERROR; 

BEGIN 

WRITE  (’’ERROR”)  ; 

GOTO  RETURN; 

END; 

STACKINDEX :=1 ; 

ININDEX:=0 ; 

OUTINDEX: =0; 

ENDOESTRING:=EALSE; 

ALPHA : =”AECDEEGHI JKLMNOPQRSTUVWXYZ” ; 

OPERATORS  :  =  ()=  +  -V"; 

FOR  LOO?:=0  UNTIL  4  DO 
PRIORITIES  (LOOP)  :=LOOP; 

PRIORITIES  (5)  :=4; 

PRIORITIES  (6)  :=5; 

PRIORITIES  (7)  :=5; 

WHILE  -.ENDOESTRING  UO 
BEGIN 

OP :=INSTRING (ININDEX i  1)  ; 

ININDEX:=ININDEX+ 1  ; 
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IF  ALPHA (LOOP M) =C?  THEN 
V APT ABLE: =TPUE ; 

IF  VAPIABLE  THEN 
BEGIN 

OUTSTP.ING  (OUTINDEX  j  1)  :=OP  ; 

OUTINDEX:  =OTJTINDEX+1  ; 
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begin 

LOOP:=0; 

WHILE  OP-i  =  OPERATOPS  (LOOP  !  1).  DO 

IF  LOOP<7  THEN 

LOOP: =LOOP+ 1 
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EPPOP ; 

PPIO: =PPIOPITIES  (LOOP)  ; 

IE  STACKINDEX=1  THEN 

PUSH 

ELSE 

IF  PRIO>2  THEN 
BEGIN 

WHILE  (STACKINDEX>1) 

AND  (PPIO<=PPIOSTACK (STACKINDEX- 1) )  DO 
POP; 

PUSH; 
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BEGIN 

BEGIN 
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POP; 

OUTSTPING  (OUTINDEX  1  1)  :  =0?  ; 
ENDOFSTPING:=TPUE ; 

END; 

BEGIN 


PUSH; 

END; 

BEGIN 

WHILE  PPIOSTACK  (STACKINDEX- 1 ) 


POP; 

S TACK INDEX ;=STACKINDEX- 


END; 

END; 

END; 


END; 

PETURN: END 
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Postfix  Proaram 


Version  2 


(No  Comments,  Paragraphing,  No  Nnemcnic  Variahles) 


PROCZDDPP  PEOGPAN  (STRING  (80)  X;  STRING-(80)  Y) 
BEGIN 

ST5ING(1)  ARRP.Y  P.(1::40); 

INTEGER  ARRAY  S  (1::40); 

INTEGER  U,V,N; 

LOGICAL  E; 

STRING(I)  K; 

INTEGER  L; 

STRING(8)  N; 

INTEGER  ARRAY  N(0::7); 

INTEGER  I; 

LOGICAL  G; 

STRING  (2  6)  E; 

PHCCEPURE  C; 

BEGIN 

IE  TJ>1  then 
BEGIN 

Y  (Nj  1)  ;=R  (U-  1)  ; 

W :=W+1 ; 

U:=U-1 ; 

END, 

ELSE 

A; 

END  ; 

PROCEDURE  D; 

BEGIN 

R  (U)  K; 

S  (IT)  :  =L  ; 

D;=D+1; 

END  ; 

PROCEDURE  A; 

BEGIN 

WRITE  ("ERROR")  ; 

GOTO  Q; 

END; 

U:  =  1  ; 

V:=0  ; 

W:=0  ; 

F: =EALSE ; 

B  :  =  "AECDEEGHIJKLMNOPQRSTUVWXYZ"  ; 

M:  =  "  ;  0  =  + 

FOR  I:=0  UNTIL  4  DO 
N  (I)  :=I; 

N  (5)  :  =  4; 

N  (6)  :  =5  ; 

N  (7)  :=5; 

WHILE  -E  DO 
BEGIN 

K:-X  (V|  1)  ; 

V  :=V-!- 1  ; 
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G  :=FALSE ; 

EOR  I:=0  UNTIL  25  DO 
IE  3(11  1)  =K  THEN 
G:=TEDE; 

IF  G  THEN 
BEGIN 

Y  (W|  1)  :=K; 

END 
ELSE 
BEGIN 
I  :=0  ; 

WHILE  .  K-^  =  M  (I  I  1)  DO 
IE  I<7  THEN 
I:=I+1 
ELSE 

IE  U=1  THEN 
D 

ELSE 

IE  L>2  THEN 
BEGIN 

WHILE  (U>1)  AND  {L<=S(U-1))  DO 

c; 

D; 

END 

ELSE 

CASE  L+1  OF 
BEGIN 
BEGIN 

WHILE  U>1  DO 

c; 

Y  {W|  1)  :=K; 

E: =TBUE ; 

END; 

BEGIN 

D; 

END  ; 

BEGIN 

WHILE  S{U-1)-^=1  DO 
C; 

U:=D-1 ; 

END; 

END; 

END; 

END  ; 

Q:  END; 
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Postfix  Proaram 


Version  3 


(No  Comments^  Paragraphing,  Mnemonic  Variables) 


PPOCEDUHE  PROGRAM  (STRING  (80)  INSTRING;  STRING  (8  0)  OUTSTRING) 
BEGIN 

STRING{1)  ARRAY  OPSTACK  (  1  :  :  4  0)  ; 

INTEGER  ARRAY  PRIOSTACK  (1::40); 

INTEGER  STACKINDEX, ININDEX, OUTINDSX; 

LOGICAL  ENDOESTRING; 

STRING  (1)  OP; 

INTEGER  PRIO;. 

STRING  (8)  OPERATORS; 

INTEGER  ARRAY  PRIORITIES  (0 7)  ; 

INTEGER  LOOP; 

LOGICAL  VARIABLE; 

STRING  (2  6)  ALPHA; 

PROCEDURE  POP; 

BEGIN 

IE  STACKINDEX>1  THEN 
BEGIN 

OUTSTRING  (OUTINDEX I  1)  : =OPSTACK (STACKINDEX- 1)  ; 
QUTINDEX:=OUTINDEX+1  ; 

STACKINDEX:=STACKINDEX-1 ; 

END 

ELSE 

ERROR; 

END; 

PROCEDURE  PUSH; 

BEGIN 

OPSTACK (STACKINDEX) :=OP; 

PRIOSTACK  (STACKINDEX)  :=?RIO; 

STACKINDEX :=STACKINDEX+1 ; 

END  ; 

PROCEDURE  ERROR; 

BEGIN 

WRITE  ("ERROR")  ; 

GOTO  RETURN; 

END  ; 

STACKINDEX:  =  1  ; 

ININDEX:=0; 

OUTINDEX:=0; 

ENDOESTRING :=EALSE; 

ALPHA :="ABCDEEGHIJKLMNO?QRSTUVWXYZ"; 

OPERATORS  :  =  "  ;  ()=+-*/’'; 

ECR  LOOP:=0  UNTIL  4  DO 
PRIORITIES  (LOOP)  :=IOOP; 

PRIORITIES  (5)  :=4 ; 

PRIORITIES  (6)  :=5  ; 

PRIORITIES  (7)  :=5 ; 

WHILE  -.ENDOESTRING  DO 
BEGIN 

GP:=INSTRING  (ININDEX)  1)  ; 

ININDEX : =ININDEX+  1  ; 
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RETURN: 


VP.RIAELE:=EAISE; 

FCR  LCO?:=0  UNTIL  25  DO 
IF  ALPHA  (LOOP i  1) ^OP  THEN 
VARIAELE:=TRUE; 

IE  VARIAELE  THEN 
BEGIN 

OUTSTEING  {OUTINDEX |  1 )  : =CP ; 

OUTINDEX:=OUTINDSX+1 ; 

END 

ELSE 

BEGIN 

LOOP :=0 ; 

WHILE  ,  CP-.=OPERATORS  (LOOP  !  1)  DO 
IE  L00P<7  THEN 
LOOP  :=LOO?+1 
ELSE 

ERBOR; 

PRIO  :  =  PRIORITIES  (LOOP)  ; 

IE  STACKINDEX=1  THEN 
POSH 
ELSE 

IE  PEIO>2  THEN 
EEGIN 

WHILE  (STACKINDEX>1) 

AND  (PRIO<=?RIOSTACK  (STACKINDEX-I) )  DO 

POP  ; 

PUSH; 

END 

ELSE 

CASE  PRIC+1  OE 
EEGIN 
EEGIN 

WHILE  STACKINDEX>1  DO 
POP; 

OUTSTRING  (OUTINDEXl 1)  :=0?; 

ENEOESTRING: =TRUE; 

END; 

EEGIN 

PUSH; 

END; 

EEGIN 

WHILE  PRIOSTACK  (STACKINDEX-1) -.=  1  DO 
POP; 

STACKINDSX:=STACKINDEX-1 ; 

END; 

END; 

END  ; 

END  ; 

END; 
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Postfix  Proa ram 


Version  4 


(Comments,  No  Paragraphing,  No  Mnemonic  Variables) 


PPOCFDUP.E  PEOGPAM  (STPING  (80)  X;  STPING(80)  Y)  ; 
aiGIN 

STPING(I)  AP.P.AY  P(1::40); 

INTPGPP  ARRAY  S  (1;:40); 

INTPGPP  U,V,W; 

LCGICAL  F; 

STRING  (1)  K; 

INTEGER  L; 

STRING  (8)  M; 

INTEGER  ARRAY  N{0:;7); 

INTEGER  I; 

LOGICAL  G; 

STRING  (26)  E; 

PROCEDURE  C; 


COMMENT 

THIS  PROCEDURE  IS  USED  TO  POP  THE  OPERATOR  STACK  ONTO 
THE  OUTPUT  STRING; 

BEGIN 

IF  U>1  THEN 
BEGIN 

Y  (W|  1)  :  =  R  (U-1)  ; 

U:=W+  1 ; 

U :=U-  1  ; 

END 

ELSE 

A; 

END; 

PROCEDURE  D; 


COMMENT 

THIS  PROCEDURE  IS  USED  TO  PUSH  AN  OPERATOR  ONTO 
THE  OPERATOR  STACK  AND  ITS  PRIORITY  ONTO  THE 
PRIORITY  STACK; 


BEGIN 
P  (U)  :=K; 

S  (U)  :=L; 

U :=U+  1  ; 

END; 

PROCEDURE  A; 

COMMENT 

THIS  PROCEDURE  HANDLES  SOME  ERROR  CONDITIONS; 


BEGIN 
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'/II^ITE  C’EFROP*')  ; 
GOTO  Q; 

END; 


COMMENT 
INITIALIZE ; 


U :  =  1  ; 

V  :=0  ; 

N  :=0  ; 

^:=EALSE; 

E:=”AECDEEGHIJKLMN0PQP.STU7WXYZ"  ; 

M:=";  ()=+-V’; 

POP  I:=0  UNTIL  4  CO 
N  (I)  :=I; 

N  (5)  :  =4  ; 

N  (6)  :=5; 

N  (7)  ;=5  ; 

WHILE  -^F  DO 
BEGIN 

COMMENT 

SEE  IE  NEXT  CHAPACTEP  IS  AN  OPEPATCP  OP  VAPIAELE; 

K:=X  {Vj  1)  ; 

V :=V+  1 ; 

G :=FALSE; 

FOP  I:=0  UNTIL  25  DO 
IF  B  (I  I  1)  =K  THEN 
G:=TPUE; 

IF  G  THEN 
BEGIN 

COMMENT 

PUT  VAPIAELE  IN  OUTPUT  STRING; 

Y  (W1  1)  :  =  K; 

W :=W+  1  ; 

END 

ELSE 

EEGIN 

COMMENT 

FIND  THE  PPIOPITY  OF  THE  OPEPATOP; 

I  :=0; 

WHILE  K-.=  M(I11)  DO 
IF  I<7  THEN 

I:=I+  1 
ELSE 
A ; 

L:’=N  (I)  ; 

IF  U= 1  THEN 
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COMMENT 

STACK  IS  empty,  PTjSH  OPEPATCB  ON  IT; 

D 

ELSE 

IF  L>2  THEN 
BEGIN 

COMMENT 

EOF  THE  OFERATOES  POP  THE 

STACK  OF  AIL  OPEEATOPS  WITH  HIGHEH  OR  EQUAL 
PRIORITY  AND  PUT  THIS  OPERATOR  ON  THE 
STACK; 

WHILE  (U>1)  AND  (L<=S(U-1))  DO 

c; 

D; 

END 

ELSE 

CASE  L+1  OF 

BEGIN 

BEGIN 

COMMENT 

SEMI-COLON  MEANS  END  OF  STRING, 

POP  THE  ENTIRE  STACK; 

WHILE  U>1  DO 

C  ; 

Y  (W|  1)  :=K; 

F :=TRUE; 

END; 

BEGIN 


COMMENT 

LEFT  PARENTHESIS  STARTS  SUB-EXPRESSION, 
PUSH  IT  ON  STACK; 

D; 

END; 

BEGIN 


COMMENT 

RIGHT  PARENTHESIS  ENDS  SUB-EXPRESSION, 
POP  STACK  UNTIL  LEFT  PARENTHESIS; 

WHILE  S{U-1)--=1  DO 

S;=u-i: 

END; 

END; 

END; 

END; 

Q:END; 
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Version  5 


{Comments,  No  Paragraphing,  Mnemonic  Variables) 


PPOCPDUPS  PROGSAM  (STRING  (80)  INSTP.IMG;  STRING  (80)  OUTSTRING); 
BIGIN 

STRING  (1)  ARRAY  0 F STACK  ( 1  ;  :  4 0 )  ; 

INTEGER  ARRAY  PRICSTACK  (1::40); 

INTEGER  STACKINDEX , ININDEX, OUTINDIY ; 

ICGICAL  INDOISTRING; 

STRING(I)  OP; 

INTEGER  PRIO; 

STRING  (8)  OPERATORS; 

INTEGER  ARRAY  PRIORITIES  (  0: : 7)  ; 

INTEGER  LOOP; 

LOGICAL  VARIABLE; 

STRING  (26)  ALPHA; 

PROCEDURE  POP; 


COMMENT 

THIS  PROCEDURE  IS  USED  TO  POP  THE  OPERATOR  STACK  ONTO 
THE  OUTPUT  STRING; 


BEGIN 

IF  STACKINDEX>1  THEN 
BEGIN 

OUTSTRING  (OUTINDEXj  1)  : =OP STACK  (STACKINDEX- 1 )  ; 
OUTINDEX: =OUTINDEX+1 ; 

STACKINDEX:=STACKINDEX-1 ; 

END 
ELSE 
ERROR ; 

END; 

PROCEDURE  POSH; 

COMMENT 

THIS  PROCEDURE  IS  USED  TO  PUSH  AN  OPERATOR  ONTO 
THE  OPERATOR  STACK  AND  ITS  PRIORITY  ONTO  THE 
PRIORITY  STACK; 

BEGIN 

OPSTACK (STACKINDEX) :=OP; 

PRIOSTACK  (STACKINDEX)  :=?RIO; 

STACKINDEX:=S TACK INDEX +1 ; 

END; 

PROCEDURE  ERROR; 


COMMENT 

THIS  PROCEDURE  HANDLES  SOME  ERROR  CONDITIONS; 
BEGIN 


5  9 


T'TPITE  C’EPPOP”)  ; 
GCTO  PETUPH; 

END; 


CCNHENT 
INITIALIZE ; 

5TACKINDEX:=1 ; 

ININDEX:  =  0  ; 

OUTINDEX: ^0  ; 

END0ESTRING:=EALSE ; 

ALPHA :="AECDE7GHIJKLNN0PQPSTUVNXYZ” ; 
OPERATORS  :  =  ";{)  =  +  -=5'/”; 
rCR  LOOP:=0  UNTIL  4  DO 
PRIORITIES  (LOOP)  :=LOOP; 

PRIORITIES  (5)  :  =4; 

PRIORITIES  (6)  :=5; 

PRIORITIES  (7)  :  =  5; 

WHILE  -nENDOFSTRING  DO 
BEGIN 


CCMMENT 

SEE  IE  NEXT  CHARACTER  IS  AN  OPERATOR  OR  VARIABLE; 

OP: =INSTRTNG (ININDEX I  1)  ; 

ININDEX: =ININDEX+  1  ; 

VARIABLE: =EALSE; 

ECR  LOOP:=0  UNTIL  25  DO 
IE  ALPHA  (LOOP  I  1)  =CP  THEN 
VARIABLE: -TRUE ; 

IE  VARIABLE  THEN 
BEGIN 

CCMNENT 

PUT  VARIABLE  IN  OUTPUT  STRING; 

OUTSTRING  (OUTINDEX M)  :=0?; 

OUTINDEX: =OUTINDEX+1 ; 

END 

ELSE 

BEGIN 


CCNMENT 

FIND  THE  PRIORITY  OF  THE  OPERATOR; 
LOOP: =0 ; 

WHILE  OP--=OPERATORS  (LOOP]  1)  DO 

IE  LOOP<7  THEN 

LOOP: =LOOP+1 

ELSE 

ERROR ; 

PRIO: =PRIORITIES (LOOP)  ; 

IE  STACKINDEX=1  TEEN 
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CCF.MENT 

STACK  IS  EMPTY,  PESH  OPEEATOF  ON  IT; 

POSH 

ELSE 

IF  PFIO>2  THEN 
BEGIN 

COMMENT 

EOF  THE  OPEFATOFS  POP  THE 

STACK  OF  ALL  OPEFATOFS  WITH  HIGHER  OR  EQUAL 
PRIORITY  AND  POT  THIS  OPEBATOR  ON  THE 
STACK; 

WHILE  (STACKINDEXA  1) 

AND  (?RI0<=PFI0STACK (STACKINDEX- 1 ) )  DO 
POP; 

POSH; 

END 

ELSE 

CASE  PRIO+1  OF 

BEGIN 

BEGIN 


COMMENT 

SEMI-COLON  MEANS  END  OF  STRING, 
POP  THE  ENTIRE  STACK; 

WHILE  STACKINDEXM  DO 
POP; 

OUTSTRING  (ODTINDEX  I  1)  :=OP; 
END0FSTRING:=TRUE ; 

END; 

BEGIN 


COMMENT 

LEFT  PARENTHESIS  STARTS  S DE- EXPR E S S 10 N , 
PUSH  IT  ON  STACK; 

PUSH; 

END; 

BEGIN 


COMMENT 

FIGHT  PARENTHESIS  ENDS  SUB-EXPRESSION, 
POP  STACK  UNTIL  LEFT  PARENTHESIS; 

WHILE  PRIOSTACK  (STACKINDEX-1) -.=  1  DO 
POP; 

STACKINDEX;=STACKINDEX-1 ; 

END; 

END; 

END; 

END; 

RETURN: END; 
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Postfix  Proaratn 


Version  6 


(Comments,  Paragraphing,  ho  Mnemonic  Variables) 


PROCIDURf  PROGRAM  {STRTNG(80)  X;  STRIMG(RO)  Y)  ; 

BRGIh 

S'T’RING(I)  ARRAY  R{1:;40); 

INTEGER  array  S  (1::40); 

INTEGER  U,V,W; 

LOGICAL  E; 

STRING  (1)  K; 

INTEGER  L; 

STRING  (8)  M; 

INTEGER  ARRAY  N(0::7); 

INTEGER  I; 

LOGICAL  G; 

STRING  (2  6)  B; 

PROCEDURE  C; 

COMMENT 

THIS  PROCEDURE  IS  USED  TO  POP  THE  OPERATOR  STACK  ONTO 
THE  OUTPUT  STRING; 

BEGIN 

IE  U>1  THEN 
BEGIN 

Y  (W1  1)  :=R  (U-1)  ; 

W: =W+ 1 ; 

U:=U-1 ; 

END 

ELSE 

A; 

END  ; 

PROCEDURE  D; 

COMMENT 

THIS  PROCEDURE  IS  USED  TO  PUSH  AN  OPERATOR  ONTO 
THE  OPERATOR  STACK  AND  ITS  PRIORITY  ONTO  THE 
PRIORITY  STACK; 


R  (U)  :=K; 
S  (U)  :=L; 
U:=U+  1 ; 
END; 

PROCEDURE  A; 


COMMENT 

THIS  PROCEDURE  HANDLES  SOME  ERROR  CONDITIONS; 
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BEGIN 


WEITE  (’’EFEOR”)  ; 

GOTO  Q; 

END  ; 

CONN.  ENT 
INITIALIZE; 

U :  =  1  ; 

V:  =0  ; 

N  :  =  0  ; 

E: =?AISE ; 

E  :^”AECDEEGHIJKLMNOPQSSTOVWXYZ’' ; 

M:=:i  ;  0  =  +  . 

EOS  I:=0  UNTIL  4  DO 
N  (I)  :  =  I; 

N  (5)  :-4; 

N (6)  :=5; 

N  (7)  :-5; 


WHILE  DO 
BEGIN 

CCHNEN7 

SEE  IE  NEXT  CHASACTER  IS  AN  OPERATOR  OR  VARIABLE; 

K:=X  (V|  1)  ; 

V:=V+1  ; 

G:=EALSE  ; 

EOR  I:=0  UNTIL  25  DO 
IE  B  (I  1  1)  =K  THEN 
G: =TRUE; 

IE  G  THEN 
BEGIN 


COHHENT 

PUT  VARIABLE  IN  OUTPUT  STRING; 

Y  (W|  1)  :  =  K; 

W:=W+1 ; 

END 

ELSE 

BEGIN 


CONSENT 

FIND  THE  PRIORITY  OF  THE  OPERATOR; 
I :  =0  ; 

WHILE  K-.  =  M  (I  I  1)  DO 
IF  I<7  THEN 
I:=I+1 
ELSE 

L:=N  (I)  ; 

IF  U=1  THEN 
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•3 


COMMENT 

STACK  IS  EMPTY,  PUSH  OPERATOR  ON  IT; 
D 

ELSE 

IF  L>2  THEN 
ELGIN 


COMMENT 

FOR  THE  OPERATORS  POP  THE 

STACK  CE  ALL  OPERATORS  WITH  HIGHER  OR  EQUAL 
PRIORITY  AND  PUT  THIS  OPERATOR  ON  THE 
,  STACK ; 

WHILE  {U>1)  AND  (L<  =  S(U-1))  DO 

c; 

c; 

END 

ELSE 

CASE  L+ 1  CE 
BEGIN 
BEGIN 

COMMENT 

SEMI-COLON  MEANS  END  OF  STRING, 

POP  THE  ENTIRE  STACK; 

WHILE  U>1  DO 

C ; 

Y  (w!  1)  :=K; 

E: =TRUE; 

END; 

BEGIN 


COMMENT 

LEFT  PARENTHESIS  STARTS  SUB- EXPRESSION, 
PUSH  IT  ON  STACK; 

D; 

END  ; 

BEGIN 


COMMENT 

RIGHT  PARENTHESIS  ENDS  SUB-EXPRESSION, 
POP  STACK  UNTIL  LEFT  PARENTHESIS; 

WHILE  S(U-1)-.=  1  DO 

c; 

U: =U-1 ; 

END; 

END; 


Q: 


END; 

END  ; 
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Postfix  Program 


Version  7 


(Comments,  Paragraphing,  Mnemonic  Variables) 


PPOCPBURf  PSOGBAM  (STRING  (80)  INSTRING;  STRING(80)  OUTSTRING); 
BEGIN 

STP.ING(I)  ARRAY  OPSTACK  ( 1  :  :  4  0)  ; 

INTEGER  ARRAY  PRIOSTACK  (1:;40); 

INTEGER  STACKINDEX, ININDEX, OUTINDEX; 

LOGICAL  ENBOESTRING; 

STRING  (1)  OP; 

INTEGER  PRIO ; 

STRING (8)  OPERATORS; 

INTEGER  ARRAY  PRIORITIES  (0 :: 7)  ; 

INTEGER  LOOP; 

LOGICAL  VARIABLE; 

STRING  (26)  ALPHA; 

PROCEDURE  POP; 


COMlMENT 

THIS  PROCEDURE  IS  USED  TO  POP  THE  OPERATOR  STACK  ONTO 
THE  OUTPUT  STRING; 

BEGIN 

IE  STACKINDEX>1  THEN 
BEGIN 

OUTSTRING  (OUTINDEX 1  1)  : =OPSTACK (STACKINDE X- 1 )  ; 
OUTINDEX:=OUTINDEX+1 ; 

STACKINDEX:=STACKINDEX-1 ; 

END 

ELSE 

ERROR; 

END  ; 

PROCEDURE  PUSH; 


COMMENT 

THIS  PROCEDURE  IS  USED  TO  PUSH  AN  OPERATOR  ONTO 
THE  OPERATOR  STACK  AND  ITS  PRIORITY  ONTO  THE 
PRIORITY  STACK; 

BEGIN 

OPSTACK  (STACKINDEX)  :=OP; 

PRIOSTACK  (STACKINDEX)  :=PRIO; 
STACKINDEX:=STACKINDEX+1 ; 

END; 

PROCEDURE  ERROR; 

COMMENT 

THIS  PROCEDURE  HANDLES  SOME  ERROR  CONDITIONS; 


BEGIN 


WBITE  {’’ZFHOR”)  ; 
GCTO  F^TURN; 

END  ; 


COMMENT 

INITIALIZE; 

STACKINDEX: = 1 ; 

ININDSX: =0; 

OUTINDEX : =0 ; 

ENDOESTRING: =FALSE; 

AL?HA:=”ARCDEEGHIJKLMNO?QRSTUVWXYZ"; 
CEERATORS 0 ; 

ECR  IGO?:=0  UNTIL  DO 
PRIORITIES  (LOO?)  :=IOOP; 

PRIORITIES  (5)  :  =  4  ; 

PRIORITIES  (6)  ;=5 ; 

PRIORITIES  (7)  :=5 ; 

WHILE  -ENDOFSTRING  DO 
BEGIN 


COMMENT 

SEE  IE  NEXT  CHARACTER  IS  AN  OPERATOR  OR  VARIABLE; 

CP:=INSTRING  {ININDEXI  1)  ; 

ININDSX: =ININDEX+ 1 ; 

VARIABLE : =EAISE ; 

ECR  LOOP:=0  UNTIL  25  DO 
IE  ALPHA (LOOP M) =OP  THEN 
VARIABLE :=TRUE; 

IE  VARIABLE  THEN 
BEGIN 


COMMENT 

PUT  VARIABLE  IN  OUTPUT  STRING; 

OUT STRING  (OUTINDEX!  1)  :=OP; 
OUTINDEX:=OUTINDEX+ 1 ; 

END 

ELSE 

BEGIN 


COMMENT 

EIND  THE  PRIORITY  OE  THE  OPERATOR; 


LOO? :=0 ; 

WHILE  OP''=OPERATORS  (LOOP  }  1 )  DO 
IE  L00P<7  THEN 
ICO? :=LOO?+1 
ELSE 

ERROR; 

PRIO:=PRIORITIES  (LOOP)  ; 

IE  STACKINDEX=1  THEN 
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CO 

STACK  IS  empty,  push  OPERATOR  ON  IT; 

PUSH 

ELSE 

IF  PRI02  THEN 
EEGIN 


COt^.HENT 

FOR  THE  OPERATORS  POP  THE 

STACK  OF  ALL  OPERATORS  WITH  HIGHER  OF  EQUAL 
PRIORITY  AND  PUT  THIS  OPERATOR  ON  THE 
.  STACK ; 

WHILE  (STACKINDEXM) 

AND  {PRIO<=PRIOSTACK  (STACKINDSX- 1) )  DO 

POP  ; 

PUSH; 

END 

ELSE 

CASE  PRIO+1  OF 
BEGIN 
EEGIN 

CCHMENT 

SFNI-COLON  means  END  OF  STRING, 

POP  THE  ENTIRE  STACK; 

WHILE  STACKINDEXM  DO 
POP; 

OUTSTRING  (OUTINDEX 1  1)  :=OP; 

ENCOFSTRING: =TRUE; 

END  ; 

EEGIN 


COMMENT 

LEFT  PARENTHESIS  STARTS  SUB-EXPRESSION, 
PUSH  IT  ON  STACK; 

PUSH; 

END; 

EEGIN 


RETURN: 


COMMENT 

RIGHT  PARENTHESIS  ENDS  SUB- EXP RES  SION , 
POP  STACK  UNTIL  LEFT  PARENTHESIS; 

WHILE  PRIOSTACK  (STACKINDEX-1) -^=1  DO 
POP; 

STACKINDEX:=STACKINDEX-1 ; 

END ; 

END; 

END; 

END  ; 

END; 
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AcDendix  B 


Tnstructicns  -  Version  1 


The  following  procedure  is  used  to  sort  an  array.  Bead  it 
through  and  then  hand-simulate  as  much  of  its  execution  as  time 
permits  assuming  it  is  called  with  the  following  parameters: 
UPPER  has  the  value  8  and  the  array  LIST  has  the  values; 


LIST  (1) 

1 

i 

1_ 

(2) 

1 

1 

1. 

_3_ 

1 

(3) 

1 

1 

1 

1 

! 

(4) 

1 

1 

1. 

5 

-1 

(5) 

! 

1 

1. 

4 

-I 

(6) 

1 

j 

1_ 

_2_ 

-1 

(3) 

1 

1 

1, 

-1 

(3) 

1 

1 

1. 

-1. 

.1 

Keep  track  of  all  values  assigned  to  all  of  the  variables  in 
the  spaces  below.  For  example: 


LIST  (1) 

(2) 

(3) 

(4) 

(5) 

(6) 


(3) 

(8) 


1 

1  5, 7,4, 3, 2 

• 

1 

1  6 

1 

13 

1 

1  3 

! 

1  5 

1  4 

1 

1  2 

1 

1  8 

I 

1  1 
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upp^:r  I 


8 


LOWER  1 

i 


LOOP  1 

1 


WIDPT  1 


SPLILVALUE  j 

1 


SPLILIKDEX  I 

I 


NOOFSEGMENTS  | 

I 


T  E  X  P  1 

i 


UPPERECUNES  (1)  1 

I 

(2)  ! 
i 

(3)  I 
1 

(4)  I 
i 

(5)  I 
1 

(6)  1 
i 

(2)  1 
1 

(8)  I 
i 


6  9 


LOWEREOUNCS  (1) 


i 

(2)  i 

i 

(3)  I 

i 

(4)  I 

(5)  T 

i 

(6)  i 
I 

(3)  1 

1 

(8)  I 


When  time  runs  out,  answer  the  following; 

1)  Circle  a  number  from  0  to  9  indicating  how  well  you  feel  you 
understood  the  program.  0  means  ’’not  at  all”,  3  means  ”I  can 
explain  what  it  does”,  6  means  ”I  can  explain  why  it  works”,  9 
means  ”I  understand  it  perfectly”,  and  the  other  numbers  indicate 
intermediate  states  between  these. 

0123456789 

2)  Fill  in  the  blanks  in  the  following  paragraph: 

This  program  sorts  an  array  using  the  following  method.  The 

value  at  the _ of  the  array  is  chosen  and  is  used  to 

_ _  the  array  by  placing _ _ _ values _ it 

in  the  array  and _ _ values _ _ _ it.  This  is  done 

with  a  double  loop  with  one  counter  going  ^ _ through  the 

segment  and  the  ether  counter  going  ^ _ .  The  above 

process  is  repeated  on  each  new  segment  until  a  segment  of  size 

_  is  reached  in  which  case  nothing  is  done,  or  a  segment 

of  size  is  reached  which  is  then  sorted. 
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Version  2 


Instructions  - 


The  following  procedure  is  used  to  sort  an  array.  Head  it 
through  and  then  hand-simulat e  as  much  of  its  execution  as  time 
permits  assuming  it  is  called  with  the  following  parameters:  J 
has  the  value  8  and  the  array  A  has  the  values; 


(1) 

i 

! 

1 

6 

-i 

(2) 

j 

1 

1 

3 

J 

(3) 

! 

1 

7 

(4) 

1 

i 

i 

5 

_1 

(5) 

1 

! 

1 

4 

1 

(6) 

1 

I 

1 

2 

1 

(7) 

1 

1 

1 

8 

1 

(8) 

I 

1 

i_ 

.1. 

Keep  track  of  all  values  assigned  to  all  of  the  variables  in 
the  spaces  below.  For  example; 


XXX  1 

I  5.7, g. 3,2 


A  (1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 


7  1 


J 


1 

i 8 


I  I 
1 


K  1 


P  I 
i 


T  1 

i 


Q  I 
I 


X  ] 
I 


UT  (1)  I 

i 

(2)  I 

1 

(3)  I 

I 

(^)  1 
i 

(5)  ! 


(6)  I 

i 

H)  1 


(9)  ] 

1 
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'V  -  ’-v"  >  ^'IPi-vll  'v*  ■ 

r- ;v“-  4v''''.  ,;!  ''  '' ■  ■  ?s£i 

’  • '  ■  '  '  i  ■’,  ^^.  •". *1^91  ,-.  •  .  ■  .  ■  , -u.  ^  '  ■'’  * '  ■  '-'  '  * 


#<* 

r 


u 


‘  JSHWi 

^,t  'm.is.  ,-. 


^  J  ."V  ■/»•  ’i- 

.  t  :  * ••  • 


•,4'.  \  -•»  • 

'.#  A*  .  •  1,  *  .' 

4  r  *  .  W 


;■•*•,■•  f 

'■v»-. 


;  -if 


A.  .  .  ,*>4  , 


VA'-S. 


1 


;:'iv 

-"  <.  * 

I  -  ’ 


»■■  ■ '  .  f 

W-  ' 


,*■«;.  -i^s  ;p-  •■  .■^’1 

'  '  4!r  f  ■  ■  ‘I  !  I  ‘  *<  r 

.'  , .'  ;'■"  ;•  '.  .  ,■  *?•  ■-  ■<  '.  -  ••.><?'■•■  '  ''‘';;j: :  ■• 

.ft'-’--  ?  ■  r-'-'---^  ■-•.•ri':  r; 


..^-V  'i-M- \ 
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When  time  runs  out,  answer  the  following: 

1)  Circle  a  number  from  0  to  9  indicating  how  well  you  feel  you 
understood  the  program.  0  means  "not  at  all",  3  means  "I  can 
explain  what  it  does",  6  means  "I  can  explain  why  it  works",  9 
means  "I  understand  it  perfectly",  and  the  other  numbers  indicate 
intermediate  states  between  these. 


0  123456789 

2)  Fill  in  the  blanks  in  the  following  paragraph: 

This  program  sorts  an  array  using  the  following  method. 

value  at  the _ of  the  array  is  chosen  and  is  used 

_ _  the  array  by  placing _ Values _ 

in  the  array  and _ _ _ values _ it. 


The 

to 

it 


with  a  double  loop  with  cne  counter  going 
segment  and  the  other  counter  going  _ 
Drocess  is  repeated 


This  is 

_  through 

The 


of  size 


is  reached 
is 


on  each  new  segment  until  a  segment 
in  which  case  nothing  is  done,  or  a 
reached  which  is  then  sorted. 


done 
the 
above 
of  size 
seg  ment 
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rt-  P 


Instruct  ions 


Version  3 


The  following  procedure  is  used,  to  transfor-n  arithmetic 
ssignment  statements  into  postfix  notation.  Head  it  through  and 
hen  hand-simulate  as  much  of  its  execution  as  time  permits 
assuming  it  is  called  with  the  following  parameters:  INSTPING 

contains  the  string: 

=  {  (C^D+E-P/G)  *H+I)  ; 

OUTSTP.ING  contains  all  blanks. 

Keep  track  of  all  values  assigned  to  all  of  the  variables  in 
the  spaces  below.  For  example: 


XXX  1 

1 5^7^3^4^2 


STACKINDEX  1 

i 


IlIINDEX  I 

I 


OUTIPDEX  1 

1 


ENDCPSTRING  | 

I 


PRIO  1 

I 


OP  1 

I 


OPERATORS  I 

i 


LOOP  I 

I 


VARIABLE  I 
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i^.LPHA  I 

1 


PSTOEITIFS  (0)  I 

i 

(  1)  ! 
I 

(2)  j 

I 

(3)  ! 
1 

(4)  I 
i 

(5)  1 
1 

{^)  1 
1 

(7)  I 
I 


OPSTACK  (1)  I 

(2)  i 
i_. 

(3)  1 
i_ 

(4)  I 
i_ 

(5)  1 

I 

(6)  T~ 

{7)  I 
i_ 

(8)  I 

(9)  I 
i_. 

(10)  1 
1 
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PRT03TACK  (1) 


1 

(2)  ! 
I 

(3)  j 


(^)  ! 
1 

(5)  j 
1 

(6)  i 
i 

(3)  1 

1 

(8)  ! 
1 

(8)  I 


(10)  ! 


INSTHING  1 

i  {  (C=i‘D  +  E-F/G) -H  +  I)  ; 


OUT  STRING  1 

I 

( 

I 

I 

I 

( 

1 

I 

1 

1 


I 


I 

! 

I 

f 

1 

! 

\ 

1 

1 

1. 
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When  time  runs  out,  answer  the  following; 

1)  Circle  a  number  from  0  to  9  indicating  how  well  you  feel  you 
understood  the  program.  0  means  ’’not  at  all”,  3  means  ”I  can 
explain  what  it  does”,  6  means  "I  can  explain  why  it  works”,  9 
means  "I  understand  it  perfectly”,  and  the  ether  numbers  indicate 
intermediate  states  between  these. 

0  123456789 

2)  Fill  in  the  blanks  in  the  following  paragraph: 

This  program  transforms  arithmetic  assignment  statements 
into  postfix  notation  using  the  following  method.  Fach  character 
is  checked  for  being  a  variable  or  operator.  A  variable  is 

immediately _ .  Operators  are  pushed  on  a _ 

such  that  the _ form  a  strictly  _ _ _ sequence.  If 

the  sequence  is  broken,  operators  of _ and _ _ _ 

_  are  popped.  Left  parenthesis  is  automatically  pushed 

to  start  a  _ .  Eight  parenthesis  causes  popping  until 

the _ _ _ _ is  reached.  Semi-colon  pops 

everything.  Only  a  minimal  amount  of  _  checking  is 

done. 
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instructions  -  Version  4 

The  following  procedure  is  used  to  transforni  arithmetic 
assignment  statements  into  postfix  notation.  Read  it  through  and 
then  hand-simulate  as  much  of  its  execution  as  time  permits 
assuming  it  is  called  with  the  following  parameters:  X  contains 
the  string: 

A  =  (  (C-D  +  R^?/G)  ^H+I)  ; 

Y  contains  all  blanks. 

Keep  track  of  all  values  assigned  to  all  of  the  variables  in 
the  spaces  below,  For  example: 


yj.X  I 


U  j 
i 


V  j 


W  I 

i 


f  1 

i 


i  r 


K  I 
1 


I  1 
I 


G  I 
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>]  (0)  I 

I 

(1)  1 
1 

(2)  I 
1 

(3)  I 
1 

(4)  1 
i 

(5)  j 
I 

(6)  I 
i 

(7)  I 
1 


i 

(2)  1 
i 

(3)  1 
I 

(4)  I 
i 

(5)  I 
I 

(6)  I 
I 

(7)  I 
1 

(9)  1 
I 

(9)  1 

1 

(10)  I 

I 


s  (1)  1 
1 

(2)  I 
i 

(3)  j 


(4)  ] 

I 

(5)  I 

i 

(6)  j 

I 

(3)  i 

I 

(3)  i 

I 

(9)  I 
i 

(10)  1 


X  I 

1  (  (C=^D  +  E-F/G)  =^H  +  I)  ; 

! 

i - 


Y 


I 

i 


BO 


V?hen  time  runs  out,  answer  the  following: 

1)  Circle  a  number  from  0  to  9  indicating  how  well  you  feel  you 
understood  the  program.  0  means  "not  at  all",  3  means  "I  can 
explain  what  it  does",  6  means  "I  can  explain  why  it  works",  9 
means  "I  understand  it  perfectly",  and  the  ether  numbers  indicate 
intermediate  states  between  these. 

0  123456789 

2 )  hill  in  the  blanks  in  the  following  paragraph : 

This  program  transforms  arithmetic  assignment  statements 
into  postfix  notation  using  the  following  method.  Each  character 
is  checked  for  being  a  variable  or  operator.  A  variable  is 

immediately  _ .  Operators  are  pushed  on  a  _ 

such  that  the _ _ _  form  a  strictly _ sequence-  If 

the  sequence  is  broken,  operators  of _  and _ 

_  are  pepped.  Left  parenthesis  is  automatically  pushed 

to  start  a _ _ _ .  Eight  parenthesis  causes  popping  until 

the _ _  is  reached.  Semi-colon  pops 

everything.  Only  a  minimal  amount  of  _  checking  is 

done. 


AcDendix  C 


Questionnaire 


1)  For  each  of  the  following  factors,  please  circle  a  number 
from  0  to  9  indicating  the  factor’s  contribution  to  your 
understanding  of  the  program  (  0  means  ’’not  helpful  at  all",  9 
means  "extremely  helpful") . 


comments  in  program 


0 


2  3  4  5 


6  7  8  9 


placement  of 


declarations 


0 


2  3  4  5 


7  8  9 


paragraphing  of  program 

0  123456789 

choice  of  variable  names 

0  123456789 

choice  cf  control  structures 

0  123456789 

2)  Please  add  any  additional  comments  on  the  program  or  the 
experiment : 
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"EMPIRICAL  COMPARISON  OF  LR(k)  AND  PRECEDENCE  PARSERS" 

J.J.  Horning  and  W.R.  Lalonde,  September  1970 
lACM  SIGPLAN  Notices,  November  I970J 

CSRG-2 

"AN  EFFICIENT  LALR  PARSER  GENERATOR" 

V/.R.  Lalonde,  February  1971 
[M.A.Sc.  Thesis,  EE  1971] 

CSRG-3 

"A  PROCESSOR  GENERATOR  SYSTEM" 

J.D.  Gorrie,  February  1971 
[M.A.Sc.  Thesis,  EE  1971] 

CSRG-4 

"DYLAN  USER’S  MANUAL" 

P.E.  Bonzon,  March  1971 

CSRG-5 

"DIAL  -  A  PROGR^AMMING  SYSTEM  FOR  INTERAGTIVE  ALGEBRAIC 
MANIPULATION" 

Alan  C.M.  Brown  and  J.J.  Horning,  March  1971 

CSRG-6 

"ON  DEADLOCK  IN  COMPUTER  SYSTEMS" 

Richard  C.  Holt,  AprI 1  1971 

CPh.D.  Thesis,  Dept,  of  Computer  Science, 

Cornell  University,  1971] 
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Cm. A. Sc.  Thesis,  EE  1971] 
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Kenneth  B.  Evans,  January  1972 
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J.W.  Atwood  (ed.),  Apri 1  1972 

CSRG- 12 
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Abbreviations : 
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CPh.D,  Thesis,  Committee  on  Information  Sciences,  University  of 

Chicago,  1971;  JACM  accepted  for  publication] 

CSRG-15 

"PROCESS  STRUCTURING" 
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W.M.  McKeeman,  January  1973 
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"AN  ANNOTATED  BIBLIOGRAPHY  ON  COMPUTER  PROGRAM  ENGINEERING" 

J.D.  Gannon  (ed.),  March  1973 
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"THE  INVESTIGATION  OF  SERVICE  TIME  DISTRIBUTION" 

Eleanor  A.  Lester,  April  1973 
[M.Sc.  Thesis,  DCS  1973] 

CSRG-26 

"PSYCHOLOGICAL  COMPLEXITY  OF  COMPUTER  PROGRAMS:  AN  INITIAL  EXPERIMENT" 
Larry  Weissman,  August  1973 
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